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greater  understanding,  appreciation,  and  insight.  Sample  topics 
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The  World  of  Manufacturing  will  provide  an  opportunity  for  you  to  become 
familiar  with  the  man-made  world  around  you  — that  part  of  the  world  produced 
by  the  manufacturing  industry.  Just  how  important  manufacturing  is  can  be 
observed  by  reflecting  on  what  you  need  to  live  your  life. 

Nearly  everything  you  do  requires  the  use  of  a manufactured  product.  A baseball 
glove,  bicycle,  television  set,  pair  of  shoes,  an  automobile,  and  an  ice  cream  cone  all 
are  there  because  there  is  a manufacturing  industry.  Imagine  what  your  life  would 
be  like  if  you  had  to  make  all  these  things  for  yourself! 

A study  of  The  World  of  Manufacturing  will  help  you  understand  what  people 
who  work  in  manufacturing  do,  because  you  will  have  firsthand  experience  in 
working  with  the  knowledge  and  techniques  which  they  use  to  earn  their  living. 
Even  more  importantly,  this  study  will  help  you  to  better  understand  how  you  can 
affect  and  enjoy  the  industrialized  society  in  which  you  live. 

The  first  edition  of  this  textbook  was  written  in  1968;  and,  since  then,  many 
representatives  of  the  manufacturing  industry  participated  in  revising  and  updating 
this  material  to  its  present  form.  You  will  find  that  the  readings  in  this  textbook 
"tell  it  like  it  is.”  The  textbook  ranges  over  the  entire  manufacturing  industry. 

Representing  one  of  the  major  groups  within  the  manufacturing  industry,  I 
recommend  The  World  of  Manufacturing  as  an  important  area  of  study.  If  you  later 
join  the  industry  as  an  engineer,  technician,  or  production  worker,  you  will  want 
to  know  much  about  the  team  you  are  joining.  Regardless  of  your  career  choice, 
the  manufacturing  industry  is  important  to  you. 

Welcome  to  The  World  of  Manufacturing. 


R.  William  Taylor  / 

General  Manager  V 

Society  of  Manufacturing  Engineers 
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You  are  about  to  begin  a new  and  exciting  kind  of  education.  Yon  will 
gain  firsthand  knowledge  about  the  man-made  world  in  which  you  Jive. 
With  this  knowledge  you  will  be  able  to  view  your  world  with  greater 
understanding,  appreciation,  and  insight.  Until  now  few  students  have 
had  a chance  to  study  man’s  practices  in  manufacturing.  To  provide  thaf; 
opportunity,  this  educational  program  has  been  developed. 

You  vdll  find  the  world  of  manufacturing  so  fascinating  that  you  may 
want  to  make  manufacturing  your  life’s  work.  Even  if  your  life’s  work  is 
in  some  other  field,  you  still  need  some  basic  knowledge  about  manu- 
facturing. You  and  your  family  purchase  many  manufactured  products. 
You  need  to  make  decisions  about  the  nature  of  the  products  you  buy. 
Whether  or  not  society  consumes  satisfying  and  beautiful  products,  or 
frustrating  and  ugly  ones,  depends  on  people’s  knowledge  of  manu- 
facturing. 

This  textbook  was  written  by  professionals  in  the  manufacturing  field, 
so  you  can  be  sure  that  what  you  read  is  accurate  and  up-to-date.  The 
readings  will  help  you  form  concepts  or  mental  images  of  what  the  manu- 
factured world  is  like.  In  the  laboratory,  working  with  a laboratory  manual 
and  tools  and  materials,  you  will  solve  realistic  manufacturing  problems 
that  relate  to  the  readings.  In  solving  these  problems,  you  will  begin  to 
understand  some  of  the  basic  practices  of  modern  manufacture. 

The  World  of  Manufacturing  is  a part  of  the  answer  to  the  gi’owing  de- 
mand for  educational  programs  that  deal  with  important  industrial 
concepts.  This  program  provides  an  excellent  basis  for  advanced  industrial 
studies  and  for  future  life  in  our  society. 


Dr.  Donald  G.  Lux 
Dr.  Willis  E.  Ray 
Co-Directors 
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Man  and 
Technology 

Very  little  is  known  about  how  life  began, 
but  much  is  known  about  the  ways  in  which 
the  many  kinds  of  living  things  have  had  to 
change  in  order  to  survive.  The  we?.ther  has 
always  changed,  and  the  surface  of  the 
earth  has  changed  greatly  many  times. 
Plants  and  animals  have  had  to  adapt 
(change  to  meet  new  conditions)  to  these 
changes,  and  to  others,  or  die  out. 


Fig.  1-1.  Until  he  invented  tools,  primitive  man  had 
little  control  over  his  environment.  His  main 
odvantage  was  being  oble  to  out-think  the 
onimals  around  him. 


Every  kind  of  life  that  has  survived  has 
had  some  special  ability  that  has  helped  it  to 
survive.  For  man,  one  special  quality  has 
been  his  ability  to  reason  (to  think  logically, 
to  make  judgments).  Physically,  man  is  no 
match  for  many  kinds  of  animals,  and  he  is 
not  well  protected  by  nature  from  the  ex- 
treme changes  in  weather.  But  his  ability  to 
reason  has  led  him  to  invent  shelters,  cloth- 
ing, and  other  ways  to  protect  and  feed  him- 
self. 

Man  has  another  ability  which  has  helped 
him  survive.  This  is  his  ability  to  speak,  to 
use  language.  By  using  language,  man  is 
able  to  express  ideas  and  to  make  them 
known  to  his  fellowman.  In  this  way,  in- 
dividuals and  groups  of  men  are  able  to  take 
advantage  of  new  ideas  and  to  profit  by  the 
successes  and  the  mistakes  of  others. 


Primitive  Man  and  His  Family 

At  first,  man  lived  alone  or  in  a small 
family  group.  His  home  was  a cave  or  other 
natural  shelter.  His  food  was  anything  he 
could  find  from  nature  that  was  good  to  eat. 
When  it  was  very  cold,  he  could  keep  warm 
only  by  huddling  next  to  others  in  his  family. 
He  had  to  depend  on  his  environment  (sur- 
roundings) without  being  able  to  change  it 
very  much.  Figure  1-1  shows  how  this  primi- 
tive (early)  man  may  have  looked. 

The  First  Technology 

Little  by  little,  primitive  man  gained  some 
control  over  his  environment.  Simple  tools 
were  the  first  things  he  invented  to  help  him 
satisfy  his  need  for  food,  clothing,  and  shel- 
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ter,  and  to  protect  him  from  everpresent 
dangers.  By  using  tools,  man  was  able  to 
extend  himself  in  his  contact  with  the  world 
of  nature.  Even  the  very  simplest  tools  (like 
the  piece  of  sharpened  flint  called  the  hand 
ax  which  was  used  for  cutting  and  scraping 
or  even  digging  up  roots)  were  extensions  of 
his  hand,  enabling  him  to  change  and  con- 
trol his  surroundings. 

Instead  of  killing  animals  with  his  bare 
hands,  man  started  to  use  stones.  With  stone 


Fig.  1-2.  Tools  gave  man  control  over  his 

environment.  A hammer,  axe,  spear,  bow 
and  arrows,  sling,  or  boomerang  helped 
man  protect  himself  and  capture  food. 
Other  tools  helped  him  to  make  clothing, 
start  fires,  and  build  shelters. 


Fig.  1-3.  Animal  skins  were  the  first  material  of 
nature  that  men  learned  how  to  use  for 
clothing.  The  idea  of  lacing  seems  simple 
today,  but  it  was  an  important  step  forward 
in  the  technology  of  making  useful  things. 


Fig.  1-4.  Learning  how  to  start  and  control  a fire 

enabled  man  to  cook  food  and  keep  warm. 
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Fig.  1-5.  When  man  learned  how  to  plant  and  tend 
crops,  he  stopped  wandering  in  search  of 
food.  With  agriculture,  he  could  settle  in 
one  place  and  build  permanent  shelters. 
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weapons  he  was  more  certain  of  eating  every 
day.  Later,  he  invented  other  ways  to  kill  for 
food  and  to  protect  himself.  Hammers, 
spears,  slings,  and  the  bow  and  arrow  in- 
creased his  ability  as  a hunter  and  made  his 
life  more  secure.  Fig.  1-2.  He  also  shaped 
stones,  antlers,  and  bones  into  knives  and 
needles.  He  could  then  fasten  together  ani- 
mal skins  to  protect  him  from  the  cold.  Fig. 
1-3. 

In  time,  man  invented  tools  to  make  tools. 
For  example,  a very  hard  stone  tool  could  be 
used  to  shape  a softer  stone  into  a weapon  or 
an  instrument  for  cutting,  scraping,  or  dig- 
ging. Thus,  his  ability  to  extend  himself  grew 
even  greater. 

Eventually,  man  discovered  how  to  start  a 
fire.  Fig.  1-4.  He  used  fire  to  cook  his  food, 
to  warm  his  cave,  and  to  frighten  away  dan- 
gerous animals. 

All  of  this  knowledge  was  the  beginning  of 
technology  (doing  things  in  a skillful  way). 
Man  had  begun  to  change  his  environment 
for  his  own  comfort  and  protection.  Today, 
we  study  industrial  technology  as  the  story 
of  the  many  kinds  of  construction  and  manu- 
facturing man  has  developed  through  the 
centuries  and  how  this  knowledge  can  be  in- 
creased. But  man’s  present  knowledge  of 
how  to  control  his  world  could  not  have 
grown  without  the  simple  beginnings  made 
by  primitive  man. 

Agriculture 

Man  gained  another  and  very  important 
kind  of  control  when  he  learned  how  to  raise 
plants  and  animals.  Agriculture  (farming) 
probably  was  invented  more  than  once,  in 
different  parts  of  the  world,  by  primitive 
man.  But  it  was  mainly  in  the  Middle  East, 
in  the  valleys  of  the  Nile  and  the  Tigris  and 
Euphrates  Rivers,  about  6500  B.C.,  that 
agriculture  first  became  an  important  way 
of  life.  Agriculture  gave  man  a new  free- 
dom. He  no  longer  had  to  depend  solely  on 
hunting  and  the  gathering  of  wild  plants  to 
supply  his  food  each  day.  Fig.  1-5.  Breaking 
the  ground  with  a stick  for  seed  planting 
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was  replaced,  in  time,  by  the  invention  of  the 
plow  which  could  be  pulled  by  domesticated 
(tamed)  animals. 

The  domestication  of  goats,  sheep,  pigs, 
and  cattle  brought  a greater  supply  of  meat 
and  other  animal  products.  It  is  possible  that 
the  taming  and  breeding  of  animals  took 
place  even  before  the  planting  of  grains. 
But  these  two  things — (1)  planting  of  crops 
and  (2)  breeding  of  animals — completely 
changed  man’s  development. 


Fig.  1-6.  Basket  weaving  is  a special  skill  that 

developed  many  thousands  of  years  ago. 


Fig.  1-7.  The  sled  was  a simple  invention.  It  allowed 
man  to  take  with  him  more  than  he  could 
carry.  The  wheel  was  not  invented  until 
much  later. 


One  important  result  of  the  invention  of 
agriculture  was  the  growth  of  more  or  less 
permanent  (long-lasting)  settlements  or 
communities  The  growing  of  plant  foods 
and  the  tending  of  flocks  made  it  necessary 
for  men  to  stay  in  one  place  in  order  to  carry 
out  these  activities,  at  least  most  of  the  time. 
When  the  soil  was  exhausted  (no  longer  able 
to  grow  crops),  or  there  was  a drought, 
then  a new  settlement  would  be  located. 

In  permanent  communities,  the  need  for  a 
division  of  labor  (different  kinds  of  work  for 
different  people)  became  necessary.  New 
regulations  (rules)  had  to  be  established  so 
that  all  people  of  the  community  could  work 
together  smoothly  for  the  benefit  (advan- 
tage) of  all. 

Crafts 

With  more  free  time,  man  began  to  de- 
velop crafts  (special  skills). 

1.  He  learned  how  to  make  clay  containers 
to  hold  water. 

2.  He  learned  how  to  build  sturdy  shelters 
of  clay,  stone,  or  wood. 

3.  He  devised  ways  of  weaving  pieces  of 
vine  and  grass  together  to  make  bas- 
kets, Fig.  1-6. 

4.  Sleds  helped  him  to  carry  his  goods 
more  easily  and  quickly  than  he  could 
have  carried  them  on  his  back.  Fig.  1-7. 

5.  After  a long  time,  he  invented  a loom 
for  weaving  fiber  into  cloth. 

All  these  inventions  and  others  helped 
man  to  move  about  and  look  for  new 
homes.  He  was  able  to  live  in  regions  that 
were  too  cold  or  too  dangerous  for  primitive 
man.  Also,  with  more  food  many  people  could 
live  as  a group.  In  several  parts  of  the  world 
a society  (a  permanent  group  of  people  form- 
ing a single  community)  started  to  develop. 

The  Institutions  of  Society 

Men  first  lived  and  worked  together  be- 
cause they  belonged  to  the  same  family. 
Many  rules  and  customs  (habits)  grew  up 
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around  family  life.  In  time,  four  other  basic 
kinds  of  group  activity  developed:  religion, 
education,  government,  and  an  economic  sys- 
tem (ways  of  doing  business).  These  five 
kinds  of  activity,  including  the  family,  are 
called  the  institutions  of  society. 

Probably  a simple  form  of  each  of  these 
activities  existed  from  the  very  earliest  time 
in  man’s  development,  but  after  agriculture 
^}vas  invented  each  one  grew  in  importance. 
Each  one  helped  to  spread  ideas  and  to  in- 
crease man’s  knowledge  and  control  of  his 
world.  Let  us  look  briefly  at  each  of  these 
institutions. 

Religion 

Religion  is  belief  in  a divine  or  super- 
human power,  or  powers,  to  be  obeyed  and 
worshiped.  It  is  also  the  expression  of  this 
belief  in  a way  of  life.  Religion  may  have 
begun  through  man’s  sense  of  wonder  about 
the  world  around  him  and  through  his  ques- 
tions about  the  unexplained  events  of  nature. 
We  do  not  know.  Evidence  of  religious  be- 
lief and  practices  has  been  found  in  the 
burial  customs  of  very  early  man.  Pictures 
and  symbols  (signs)  found  on  cave  walls 
show  his  need  to  express  religious  beliefs 
in  pictorial  form,  perhaps  also  his  need  to 
gain  the  favor  of  the  divine  powers  he  wor- 
shiped, Fig.  1-8. 

Religion  for  primitive  man  was  principally 
a way  to  discover  meaning  in  a world  of  un- 
explained happenings  and  mysterious  events, 
not  always  from  fear,  but  always  in  wonder. 
Religion  has  continued  to  be  an  important 
institution  throughout  history,  especially 
when  it  has  developed  definite  codes  of  con- 
duct (rules  for  living)  for  its  followers. 


Education 

Education  is  the  process  of  rearing  some- 
one in  the  knowledge,  skills,  and  attitudes 
needed  to  become  a useful  member  of  a 
family  or  community.  Many  kinds  of  ani- 
mals learn  by  watching  their  parents  and 


Fig.  1-8.  PiciUres  on  caye  walls,  drawn  by  men  who 
lived  long  ago,  have  helped  us  learn  about 
their  lives.  Very  old  tools,  bones,  shells,  and 
the  ashes  of  fires  also  give  us  some 
knowledge  about  them. 


other  animals.  The  children  of  primitive  men 
learned  in  much  the  same  way.  Children 
today  learn  by  imitating  (copying)  their 
parents.  But,  since  man  can  teach  by  using 
language  as  well  as  by  example,  human 
beings  can  be  taught  concepts  (ideas)  by 
which  they  can  understand  and  control  the 
world  around  them. 

The  family  was  the  first  source  of  educa- 
tion for  primitive  man,  and  the  family  is 
still  an  important  educational  institution 
today.  As  knowledge  grew  over  many  cen- 
turies, however,  learning  in  schools  became 
an  important  way  to  keep  a society  perma- 
nent and  well  organized.  Learning  in  schools 
also  made  progress  possible  because  young 
people  did  not  have  to  spend  a lifetime 
learning  from  many  mistakes  in  order  to 
add  to  what  their  parents  and  teachers 
already  knew. 

Ownership  and  Government 

Early  groups  of  men  followed  leaders  who 
were  strong  and  clever.  A leader  made  rules 
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and  decided  what  was  best  for  the  group. 
The  need  for  permanent  laws  grew  slowly. 
When  people  of  many  families  settled  in  one 
region  to  raise  their  own  food  crops,  the 
idea  of  ownership  (owning  property)  grew. 
Then  it  became  necessary  to  have  laws 
about  land,  crops,  herds,  and  other  kinds  of 
property.  Laws  must  be  enforced  (people 
must  obey  them)  and  they  must  be  inter- 
preted (explained)  in  certain  cases.  So,  in 
a simple  way  at  first,  government  grew  up 
to  protect  the  rights  of  individuals  and  of 
the  whole  community. 


An  Economic  System  Develops 

As  men  settled  and  began  to  live  in 
groups,  they  started  exchanging  (trading) 
goods.  When  groups  were  small,  barter 
(swapping)  worked  well.  As  they  grew  and 
men  began  to  travel,  their  lives  became 
more  complex  (complicated).  They  needed 
a way  of  trading  goods  for  something  small 
and  easy  to  carry,  something  everyone 
could  take  or  give  in  trade.  Then  money 
came  into  use. 

With  money  that  everyone  was  willing  to 
use,  men  grew  to  depend  more  on  each 
other.  Some  men  specialized  (worked  at  one 
craft  especially)  in  making  pottery.  Other 
men  made  cheese  or  wove  blankets.  Spe- 
cializing led  to  a higher  standard  of  living 
because  it  produced  more  and  better  goods 
and  services. 

Industry  Today 

You  have  learned  that  the  economic  sys- 
tem provides  modern  man  with  most  of  his 
goods  and  services.  Goods  are  material 
objects.  Services  are  work  performed  to 
improve  material  goods  or  to  benefit  people. 
Goods  can  be  gotten  by:  (1)  extraction  and 
(2)  reproduction.  They  can  be  processed  by: 
(1)  construction,  and  (2)  manufacture.  Of 
these  four,  construction  and  manufacturing 
(industry)  change  the  shape,  form,  or  size 
of  materials  the  most. 


An  art  is  usually  defined  as  an  ability  or 
skill  to  do  certain  things.  When  you  put 
“industry”  together  with  “arts”,  industrial 
arts  can  be  defined  as  the  study  of  the  use 
of  tools  and  techniques  to  construct  and 
manufacture  goods  and  to  service  these 
goods.  This  year,  you  will  study  the  tech- 
nology of  manufacturing. 


Summary 

Primitive  man  had  two  important  abilities 
to  help  him  survive.  He  could  reason  and  he 
could  use  language.  At  first,  he  could  control 


Fig.  1-9.  Knowing  how  to  make  and  use  tools  is  now 
part  of  the  branch  of  knowledge  we  call 
technology.  It  took  thousands  of  years  for 
man  to  develop  technology  from  the 
primitive  state  shown. 
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his  environment  only  slightly.  Then  he 
began  to  invent  tools.  This  was  the  begin- 
ning of  technology.  Figure  1-9  shows  a 
simple  kind  of  agriculture,  one  important 
way  that  man  learned  to  control  his  environ- 
ment. 

Later,  man  began  to  specialize.  Each  man 
did  some  things  for  himself  and  for  others. 
This  led  to  trade  and  the  growth  of  an 
economic  system  and,  eventually,  to  the  use 
of  money.  Fig.  1-10. 


Fig.  1-10.  Before  he  devised  money,  man  sometimes 
traded  one  kind  of  goods  for  another. 
This  system  is  called  bartering. 


Fig.  1-11.  Institutions  of  society. 


As  more  and  more  men  came  to  live  to- 
gether, they  found  that  some  form  of  gov- 
ernment was  needed.  As  living  became 
more  complex,  formal  education  in  schools 
also  was  needed.  Man  was  curious  about 
the  world  around  him.  Religions  helped  ex- 
plain what  he  did  not  understand  and  gave 
him  rules  of  individual  and  social  conduct. 

Through  the  ages  man  has  worked  out 
five  main  kinds  of  group  activity:  (1) 
family,  (2)  religion,  (3)  education,  (4) 
government,  and  (5)  an  economic  system. 
These  activities,  and  the  rules  they  follow, 
are  called  institutions  of  society.  Fig.  1-11. 

The  economic  system  provides  man  with 
goods  and  services.  Industry  (construction 
and  manufacturing)  is  one  part  of  the 
economic  system.  This  year  you  will  study 
the  technology  of  the  manufacturing  part 
of  industry. 


Man 


Special  Skills  and 
Knowledge  of  How 
to  Do  Things 
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Terms  to  Know 


adapt 

society 

tools  to  make  tools 

interpreted 

ability 

customs 

technology 

exchanging 

reason 

religion 

industrial  technology 

barter 

invent 

education 

agriculture 

complex 

speak 

government 

plow 

money 

language 

economic  system 

domesticated 

specialized 

ideas 

institutions  of  society 

domestication 

extraction 

family 

way  of  life 

permanent 

reproduction 

environment 

symbols 

communities 

construction 

primitive 

meaning 

exhausted 

manufacture 

tools 

codes  of  conduct 

division  of  labor 

art 

extend 

imitating 

regulations 

industrial  arts 

hand  ax 

concepts 

benefit 

provides 

extensions 

schools 

crafts 

weapons 

ownership 

enforced 

Think  About  It! 

1.  Describe  some  ways  in  which  people  in 
your  community  buy  goods  and  services 
from  other  people  and  in  turn  sell  goods 
and  services  to  them. 

2.  Name  some  of  the  advantages  that  come 
from  a division  of  labor  (specializing)  in 
your  own  community. 

3.  How  do  you  suppose  primitive  man  dis- 
covered how  to  make  a fire  and  how  to 
control  it? 


The  Evolution 
of  Manufacturing 


Industry  is  the  making  of  products  by  con- 
structing and  manufacturing.  Constructing 
is  the  making  of  fixed  products  on  a site. 
Manufacturing  is  the  making  of  movable 
products  which  often  are  used  some  dis- 
tance from  where  they  are  manufactured. 
Together,  construction  and  manufacture  pro- 
vide modern  man’s  food,  clothing,  and  shel- 
ter. They  extend  his  ability  to  travel  and  to 
speak  or  communicate.  Manufacturing  is  the 
subject  of  this  textbook. 

Primitive  Manufacturing 

Early  man  chipped  pieces  of  stone  into 
weapons  to  defend  himself  and  to  hunt  ani- 
mals for  food.  He  learned  that  he  could  use 
animal  skins  for  clothing.  He  then  began  to 
weave  dried  grasses,  twigs,  and  leaves  into 
baskets,  and  to  shape  (form)  clay  and  mud 
into  pots. 

Although  man  provided  himself  with 
many  simple  conveniences,  it  took  a very  long 
time  to  produce  just  enough  for  his  own 
family.  There  was  no  money  to  exchange  for 
goods  and  no  way  to  move  goods  from  place 
to  place.  Sometimes  man  did  exchange  or 
barter  (swap)  his  goods  for  other  products, 
but  for  thousands  of  years  most  men  pro- 
duced only  enough  for  their  own  families’ 
use.  This  system  of  production  is  called  the 
household  system. 

As  men  grew  more  skillful  in  making  and 
using  simple  tools,  they  explored  more  of  the 
earth.  Groups  of  people  scattered  across  the 
lands  we  now  call  Africa,  Asia,  and  Europe. 
Later  they  reached  the  Americas  and  Aus- 
tralia. Each  group  of  people  made  things 
from  the  materials  of  nature  that  were 
easy  to  get.  For  example,  Eskimos  built  small 


boats  covered  with  animal  skins.  Fig.  2-1.  In- 
dians of  the  North  American  forests  built 
birchbark  canoes.  In  other  lands,  people 
built  boats  from  reeds  or  hollow  logs. 

In  different  lands  people  invented  more 
than  one  way  to  make  the  same  kinds  of 
things.  Where  there  was  clay,  people  shaped 
it  into  pots  and  dishes.  In  some  places  man 
found  metal  ores  and  discovered  that  they 
could  hammer  the  metal  into  different  shapes. 
Using  wool  from  sheep,  goats,  llamas,  or 
camels,  they  devised  (invented)  ways  to  spin 
yarn  and  weave  cloth.  They  devised  various 
kinds  of  containers  to  hold  water  or  oil.  They 
made  ornaments  to  wear,  like  beads,  rings, 
or  headbands.  They  drew  pictures  and 
carved  figures.  They  built  rafts  or  boats  and 
made  all  sorts  of  sails,  oars,  and  towropes 
for  moving  them. 

Many  ideas  were  probably  used  more  than 
once.  For  instance,  who  first  thought  of  hold- 
ing together  two  pieces  of  animal  skin  by 
lacing  a leather  strip  through  small  holes? 
Did  this  idea  spread  as  man  traveled?  Was 


Fig.  2-1.  The  Eskimos  used  bone  or  driftwood  to 
build  frames  for  their  kayaks.  Many  seals 
lived  in  their  cold  northern  land,  so  they 
covered  the  kayaks  with  sealskin.  Now  there 
are  few  seals,  and  men  have  found  other 
materials  for  making  boats. 
iU' 
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it  invented  several  times  in  several  places? 
We  do  not  know.  Men  used  such  ideas  for 
thousands  of  years  before  they  invented 
writing. 

Many  skills  used  to  make  one  product 
were  later  used  to  make  something  quite  dif- 
ferent. For  example,  as  men  became  skilled 
in  firing  (baking)  pottery,  they  learned 
much  about  controlling  heat.  This  knowl- 
edge was  used  later  when  they  devised  the 
skill  called  smelting  (heating  ores  until  the 
metal  melts  and  runs  together).  All  of  these 
skills  developed  at  different  times  and  in  dif- 
ferent places. 

Technology  Grows  with  Farming 

The  people  who  continued  to  hunt  and  fish 
for  food  developed  only  a few  crafts  (special 


skills).  But  in  warm  regions,  in  the  great 
river  valleys,  men  became  farmers  as  we 
have  seen.  With  the  growth  of  farming  skills 
(agriculture),  men  had  a greater  food  sup- 
ply and  some  free  time.  The  technology  of 
many  crafts  evolved  (developed  gradually) 
in  these  farming  communities.  Ideas  and 
practices  spread  gradually  in  all  directions. 
In  the  six  permanent  societies  shown  in  Fig. 
2-2,  men  learned  how  to  construct  large 
palaces  and  temples.  Practical  ways  to  pro- 
vide water  and  to  move  waste  materials  out 
of  the  communities  were  worked  out.  A sys- 
tem of  writing  evolved  in  most  of  these  so- 
cieties. As  knowledge  grew,  there  was  more 
specializing.  Some  people  made  jewelry,  fine 
cloth,  or  furniture  for  a palace ; others  man- 
ufactured more  common  things  like  water 
buckets,  farm  carts,  or  work  clothes. 


Fig.  2-2.  Possibly  men  lived  first  in  Africa.  Slowly  they  moved  east  across  the  Europe-Asia  land  area.  Later 

groups  reached  Australia  and  the  Americas.  Six  permanent  societies  grew:  1 — Egypt,  2 — Mesopotamia, 
3 — India,  4 — China,  5 — Mexico,  6 — Peru.  Manufacturing  skills  and  knowledge  began  chiefly  in  these 
societies.  People  settled  also  in  many  other  places,  but  they  did  not  develop  the  technology  of 
making  things  to  such  a high  level. 

o — 
lil  KJ 
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Technology  Travels 

Trading  (buying  and  selling)  was  first 
practiced  among  people  living  in  the  same 
area.  Later,  men  searched  for  products 
that  they  could  not  buy  at  home.  They  trav- 
eled farther.  They  brought  back  new  kinds  of 
goods  (things  that  satisfy  people's  needs; 
wares)  and  also  skills  that  were  new  to  their 
society. 

The  technology  that  grew  slowly  in  the 
farming  societies  of  Africa  and  Asia  for  sev- 
eral thousand  years,  finally  reached  Europe. 
Ideas  and  inventions  first  moved  along  the 
waterways  and  later  were  carried  by  traders 
and  by  armies  over  the  land  routes.  Mer- 
chants (buyers  and  sellers)  from  Greece  be- 
gan trading  with  Egjrpt  (one  of  the  earliest 
river  valley  societies).  By  1500  B.C.  this 
trade  had  become  very  important.  Much  of 
the  Greek  land  had  poor  soil  and  was  hilly 
and  hard  to  farm.  The  people  turned  to  in- 
dustry and  trade,  especially  sea  trade,  to 
support  themselves. 


Fig.  2-3.  By  constructing  aqueducts,  water  could  be 
supplied  to  communities  from  nearby  lakes 
and  streams.  This  technology  allowed  man 
to  live  several  miles  from  his  water  supply. 


For  more  than  1000  years  the  Greeks  im- 
proved technology.  They  improved  the  sail- 
ing ships  first  built  by  the  Egyptians.  They 
made  better  wheeled  carts  and  horsedrawn 
chariots.  They  invented  new  uses  for  smelted 
ores.  They  carried  the  design  and  construc- 
tion of  public  buildings  to  a high  point  of 
usefulness  and  beauty. 

The  Greeks  also  developed  basic  knowledge 
needed  for  trade  and  travel  such  as  geometry 
and  record-keeping.  Their  success  in  trade 
gave  them  time  for  literature,  medicine,  and 
the  arts.  Greek  ideas  and  products  were  car- 
ried all  over  the  known  world. 

When  Greece  was  no  longer  able  to  solve 
its  political  problems,  about  200  B.C.,  the 
country  was  taken  over  by  the  Romans  who 
added  to  Greek  ideas  and  inventions  many 
of  their  own.  They  improved  trade  by  build- 
ing fast  ships,  good  roads,  and  large  bridges, 
thus  shortening  delivery  time  for  manufac- 
tured products.  They  had  the  first  labor  un- 
ions (workers  organized  to  protect  their 
interests).  They  devised  surgical  instru- 
ments. They  built  a clever  system  of  pipes  to 
carry  water  long  distances.  Fig.  2-3. 

By  improved  technology  and  by  great  suc- 
cess in  the  art  of  government,  the  Romans 
were  able  to  spread  the  ideas  and  inventions 
of  the  Greeks,  as  well  as  their  own,  over  a 
great  part  of  the  world.  Even  the  old  river 
valley  societies  of  the  Middle  East  became  a 
part  of  the  Roman  Empire.  Like  the  Greeks, 
however,  the  Romans  finally  were  not  able  to 
solve  their  problems  of  government  and  were 
not  able  to  control  all  the  far-flung  parts  of 
their  huge  empire.  Their  empire  fell  and  new 
groups  of  people  took  control  of  their  lands. 


The  Middle  Ages 

The  Middle  Ages  lasted  from  the  fall  of 
Rome  (about  500  A.D.)  to  the  14th  century. 
During  this  time  a new  society  grew  in  Eu- 
rope. People  were  busy  settling  new  areas  of 
land.  They  were  collecting  and  storing  the 
knowledge  of  many  centuries  from  all  parts 
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of  the  world,  Fig.  2-4.  Skilled  craftsmen 
turned  out  many  useful  and  beautiful  prod- 
ucts, Fig.  2-5,  and  architects  (designers  of 
buildings)  and  builders  created  great  ca- 
thedrals, castles,  and  military  structures.  In- 
stead of  being  years  of  darkness,  the  Middle 
Ages  actually  laid  the  foundations  for  the 
modern  world. 


The  Renaissance 

The  Renaissance  marked  the  beginning  of 
the  modern  world.  Starting  in  the  14th  cen- 
tury, small  groups  of  people  discovered  anew 
the  ideas  of  Greece  and  Rome  and  used  them 
in  their  own  work.  Other  people  began  to 
study  the  world  of  nature  with  a new  interest 
and  curiosity.  The  Renaissance  is  often  called 
the  Mercantile  Period  because  of  the  impor- 
tant part  which  merchants  played  in  it.  They 
helped  to  revive  an  interest  in  trade  which 
in  turn  led  to  new  developments  in  manufac- 
turing. 

Increased  trade  made  people  more  inter- 
ested in  better  products  and  more  able  to  pay 
for  them,  so  new  industries  sprang  up.  Fine 


Fig.  2-4.  With  writing,  knowledge  could  be  recorded 
and  stored.  Scribes  spent  their  lives  hand- 
lettering the  knowledge  of  the  ages  on 
parchment  paper. 


Fig.  2-5.  During  the  Middle  Ages,  skilled  craftsmen 

worked  in  their  homes  to  produce  the  goods 
needed  by  society.  They  became  very 
skillful  in  performing  all  of  the  steps  required 
to  turn  out  finished  products. 


Fig.  2-6.  During  the  Renaissance,  many  new  crafts 
and  skills  developed.  Usually  the  craftsman 
owned  all  his  tools  and  did  all  the  work  in 
his  own  home. 


> 


The  Evolution  of  Manufacturing 


13 


cloth,  silk  and  cotton  goods,  carved  furniture, 
china,  pewter,  and  silverware  were  very 
much  in  demand.  These  were  produced  by 
skilled  craftsmen  in  small  shops  or  by  a 
worker  in  his  own  home.  Fig.  2-6.  In  addition 
to  new  industries,  there  were  also  many  dis- 
coveries and  inventions.  The  spread  of 
knowledge  was  increased  by  Gutenberg’s 
invention  of  the  movable  type  printing  press 
in  the  1400’s,  Fig.  2-7.  Gunpowder,  brought 
from  China,  led  to  the  development  of  the 
cannon  and  other  firearms.  The  magnetic 
compass  and  the  sextant  made  navigation 
more  accurate.  Better  smelting  techniques 
for  metals  were  developed.  Copernicus  dis- 
covered that  the  earth  moved  around  the 
sun. 

Many  important  voyages  of  exploration 
and  discovery  were  made  during  this  time. 
Setting  out  to  discover  new  trade  routes  to 
the  Orient,  Columbus  accidentally  found 
America,  an  event  that  changed  the  course 
of  history. 

During  the  Renaissance,  the  arts  sepa- 
rated even  more  widely  from  the  crafts. 
Painting  and  sculpture  were  practiced  for 
their  beauty,  not  just  to  decorate  a chest  or  a 
pot.  People  who  were  profiting  from  trade 


and  industry  bought  these  art  objects  to 
decorate  their  homes  and  to  bring  them 
pleasure.  They  also  began  to  desire  beautiful 
rugs  for  their  floors,  glass  for  their  windows, 
and  silks  and  perfumes  for  themselves.  Im- 
proved manufacturing  thus  encouraged  a 
more  luxurious  standard  of  living. 


The  Industrial  Revolution 

Three  changes  in  manufacturing  began 
toward  the  end  of  the  1700’s.  These  were: 

1.  Making  products  with  machinery, 

2.  Running  the  machinery  with  engines, 
and 

3.  Making  the  products  in  factories. 

These  changes  are  called  the  Industrial  Rev- 
olution. It  started  in  Great  Britain  and  the 
countries  of  western  Europe. 

The  first  changes  were  in  the  spinning  of 
thread  and  weaving  of  cloth.  Figure  2-8 
shows  the  spinning  jenny.  A new  kind  of 
loom  was  also  invented.  It  was  run  by  an 
engine  and  could  weave  cloth  much  faster 
than  a hand  loom.  These  machines  started  a 
revolution  in  the  textile  (cloth  making)  in- 
dustry. 


Fig.  2-7.  With  movable  type,  large  quantities  of 
printed  material  could  be  manufactured. 
The  invention  of  the  printing  press  with 
movable  type  is  credited  to  Johann 
Gutenberg. 


Fig.  2-8.  The  spinning  jenny  could  spin  eight  threads 
at  once.  It  was  combined  with  another 
invention  to  make  a machine  called  a mule 
that  could  spin  hundreds  of  threads. 
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14  The  World  of  Manufacturing 

In  1769  James  Watt  invented  a steam  en- 
gine that  did  useful  work.  It  ran  by  steam 
instead  of  by  manpower  or  waterpower. 
Products  could  be  made  near  seaports,  cities, 
or  wherever  the  materials  of  nature  were  at 
hand.  Later,  steam  power  was  used  to  run 
boats  and  trains.  Figure  2-9  shows  a steam- 
ship and  a steam  locomotive. 

The  machines  were  too  large  and  too  ex- 
pensive to  be  set  up  in  a worker’s  home  or 
shop.  Men  with  large  amounts  of  money  built 
factories  that  housed  several  machines.  They 
hired  workers  and  paid  them  wages  (money 
for  their  work) . These  workers  were  not  al- 
ways skilled  craftsmen.  A man  might  run  a 
machine  that  did  just  one  part  of  the  work 
(operation).  Unless  he  changed  jobs,  he 
never  learned  the  other  steps  in  making  a 
product. 

Skilled  craftsmen  had  to  work  in  the  new 
factories  because  machines  made  goods  fas- 
ter and  cheaper  then  they  could  be  made  by 
hand  labor.  Men  and  women  who  had  few 
skills  also  hoped  to  earn  money  by  running 


Fig.  2-9.  Wood-fired  and  coal-fired  steam  engines 
ran  ships  and  trains  for  many  years.  The 
efficiency  and  speed  of  these  forms  of 
transportation  increased  trade  and  stepped 
up  the  pace  of  technology. 


the  machines.  Some  people  even  sent  their 
young  children  to  work  in  the  factories. 

Because  so  many  workers  needed  or  wanted 
a job,  factory  owners  could  pay  low  wages 
and  make  people  work  long  hours.  A worker 
sat  or  stood  at  his  machine  all  day  with  only 
a few  minutes  of  rest.  The  factories  were 
gloomy  with  no  heat  or  fresh  air.  The  ma- 
chines were  dangerous.  Children  seven  or 
eight  years  old  worked  in  the  factories.  After 
many  years  an  English  law  was  passed  to 
protect  child  workers.  Other  laws  followed. 
Factory  owners  were  made  to  shorten  work- 
ing hours,  raise  wages,  and  put  in  safety  de- 
vices (things  that  protect  the  worker  from 
injury) . As  the  factory  system  grew,  work- 
ers formed  labor  unions.  The  unions  helped 
to  get  shorter  hours,  higher  wages,  and 
better  working  conditions. 

When  the  Industrial  Revolution  started, 
most  people  did  not  have  the  right  to  vote. 
When  they  moved  into  cities  they  learned 
about  politics.  After  working  hours  were 
shortened,  people  had  time  to  read  about 
government.  They  began  to  demand  the  right 
to  vote  and  govern  themselves.  England  and 
other  industrial  countries  became  more  dem- 
ocratic. 

The  efficiency  (good  use  of  time,  energy, 
and  materials)  of  modern  industry  developed 
in  America.  One  important  step  was  mass 
production  (making  many  items  at  one 
time) . The  wealth  that  came  from  American 
ideas  and  abilities  raised  the  standard  of  liv- 
ing (made  life  more  comfortable)  and  paid 
for  schools,  hospitals,  and  libraries. 

In  the  last  fifty  years  automatic  machines 
have  been  widely  used.  They  were  first  used 
in  wartime  when  many  workers  had  to  leave 
their  jobs  in  factories  or  offices  to  serve  in 
the  war.  Machines  were  invented  to  can  food, 
send  messages,  and  to  do  many  other  jobs 
that  had  been  done  by  people.  In  peace  time, 
automatic  copying  machines  and  electric 
typewriters  were  developed  for  offices.  Auto- 
matic washers,  driers,  and  dishwashers  have 
replaced  hand  labor  in  restaurants,  hospi- 
tals, and  many  homes.  Efficient  automatic 
machines  bring  many  benefits.  They  bring 
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new  problems  too.  When  automatic  machin- 
ery goes  into  a factory,  fewer  workers  are 
needed.  Some  people  lose  their  jobs.  These 
workers  must  be  trained  for  more  highly 
skilled  work. 


Summary 

The  world’s  first  permanent  (lasting)  so- 
cieties grew  gradually  in  Africa,  Asia,  and 
the  Americas.  These  people  developed  the 
first  construction  and  manufacture  as  we 
know  them.  They  devised  (invented)  efficient 


Fig.  2-10.  Steam  power  led  to  the  creation  of  the 
factory  system  of  manufacturing.  In  manu- 
facturing centers,  factories  were  crowded 
together,  as  shown  here.  They  were  often 
cold  and  drafty  and  had  poor  lighting.  Often 
children  had  to  work  in  these  factories  for 
many  years. 


ways  to  meet  their  needs  for  food,  water, 
shelter,  and  clothing.  The  making  of  beauti- 
ful things  also  grew  in  these  first  societies. 

About  3500  years  ago  technology  started 
to  spread  to  Europe.  The  Greeks  improved 
the  ideas  they  took  from  Africa.  The  growth 
of  manufacturing  in  Greece  went  on  for 
more  than  1000  years.  Later,  the  Romans 
built  an  empire  and  improved  technology  in 
practical  (useful)  ways.  Knowledge  and 
skills  spread  through  Europe  during  the 
Middle  Ages. 

In  the  period  called  the  Renaissance,  ships 
came  back  from  other  lands  with  ideas,  man- 
ufactured goods,  and  materials  of  nature 
that  were  new  to  Europe.  People  devised  new 
ways  of  using  them  and  made  important  new 
inventions.  Many  people  earned  money 
enough  to  live  in  comfort,  and  they  wanted 
beautiful  things.  European  artists  and 
craftsmen  learned  to  make  fine  rugs,  per- 
fumes, glass,  and  other  goods. 

In  the  late  1700’s,  Europe  began  to  change 
again.  Machines  replaced  hand  labor.  En- 
gines replaced  manpower  and  waterpower. 
Workers  left  their  own  small  shops  to  work 
for  factory  owners.  Working  conditions  were 
very  bad  at  first.  See  Fig.  2-10.  New  laws 
made  the  factory  system  better.  Fig.  2-11. 


Fig.  2-11.  Early  factories  were  often  crowded,  dirty, 
and  cold.  Modern  factories  are  more 
pleasant,  efficient,  and  pleasing  to  the  eye. 
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During  the  Industrial  Revolution  workers 
formed  labor  unions  and  won  the  right  to 
vote. 

Manufacturing  became  most  efficient  in 
America  with  mass  production.  America  be- 
came a wealthy  country  with  a high  stand- 


ard of  living.  In  the  last  60  years  automatic 
machines  have  brought  more  benefits.  They 
have  replaced  many  kinds  of  hand  labor.  Ma- 
chines have  also  brought  new  problems.  They 
have  replaced  many  workers  who  must  learn 
a higher  skill  to  get  a new  job. 


The  technology  of  manufacturing  is  as  old  as  man 
himself.  Before  the  earliest  permanent  societies  arose,  man 
devised  crude  implements  (tools)  to  help  him  feed  and 
clothe  himself  and  for  protection  from  ever-present 
dangers.  Knowledge  of  ways  to  control  man’s  environment 
and  to  improve  his  living  conditions  grew  slowly  through 
the  ages.  This  knowledge  was  spread  principally  by  trade. 

Manufacturing  and  trade  grew  rapidly  when  new  trade 
routes  were  opened  during  the  Renaissance.  The  use  of  ma- 
chinery in  the  Industrial  Revolution  accelerated  (speeded 
up)  the  growth  of  manufacturing  even  more.  In  the  last 
two-hundred  years,  manufacturing  has  increased  greatly, 
and  world-wide  trade  has  continued  to  spread  new  ideas 
and  methods  to  every  land. 

Can  you  think  of  ways  in  which  manufacturing  will 
be  of  use  to  man  in  the  new  Space  Age? 


Technology  of  Manufacturing 
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Terms  to  Know 

industry 

Mercantile  Period 

writing 

safety  devices 

constructing 

standard  of  living 

specializing 

factory  system 

manufacturing 

Industrial  Revolution 

trading 

working  conditions 

shape 

spinning  jenny 

goods 

right  to  vote 

barter 

textile 

merchants 

efficiency 

household  system 

steam  engine 

trade 

mass  production 

materials  of  nature 

manpower 

smelted  ores 

automatic 

metal  ores 

waterpower 

labor  unions 

permanent 

devised 

machines 

Roman  Empire 

practical 

firing 

factories 

Middle  Ages 

nuclear  radiation 

smelting 

hired 

architects 

crafts 

wages 

Renaissance 

evolved 

operation 

hand  labor 

Think  About  It! 

1.  Suppose  that  the  followiDg  things  disap- 
peared completely  and  could  not  be  re- 
placed. In  each  case,  how  would  your  life 
change? 

A.  Wheels 

B.  Printing  presses 

C.  Pure  water 

2.  Research  scientists  have  recently  learned 
that  nuclear  radiation  is  useful  in  making 
cloth  that  will  not  rot  and  mildew.  Can 
you  think  of  some  other  possible  new  ways 
of  producing  goods  that  will  benefit  all 
people? 
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Manufacturing 
and  the 

Economic  System 


Industry  (construction  and  manufactur- 
ing) has  never  been  able  to  make  every- 
thing that  everyone  wants.  In  the  United 
States,  companies  are  free  to  decide  which 
goods  they  will  make.  They  can  buy  mate- 
rials, make  products,  and  try  to  sell  the 
products  at  a profit.  Profit  is  the  extra 
money,  from  sales,  left  over  after  paying 
for  materials,  rent,  wages,  and  other  costs. 

Most  people  cannot  afford  to  buy  all  the 
goods  they  want,  but  each  buyer  is  free  to 
choose  what  he  will  buy.  Fig.  3-1.  Freedom 
of  choice,  which  both  producers  and  buyers 
have,  is  a part  of  the  American  free  enter- 
prise system.  Fig.  3-2. 

People  also  buy  and  sell  services  (work 
that  benefits  people  and  improves  products). 
A doctor  is  paid  to  help  cure  illness  and  heal 
injuries.  A mechanic  is  paid  to  repair  autos. 


Fig.  3-1.  Our  economic  system  is  based  on  money.  We 
exchange  money  we  have  earned  for  goods 
that  we  want. 


trucks,  or  other  machines.  Fig.  3-3.  A teach- 
er, a barber,  and  a professional  ballplayer 
each  performs  a service.  In  the  United 
States  no  one  is  forced  by  law  to  become  a 


Brand  B 


Brand  A 


Brand  C 


Fig.  3-2.  The  free  enterprise  system  works  for  the 
consumer's  benefit.  Usually,  several  brands  of 
similar  goods  are  produced.  The  customer  is 
free  to  choose  from  among  them. 


Fig.  3-3.  Services  provided  by  a manufacturer  help 
sell  his  products.  This  service  station  attendant 
provides  good  services  so  that  customers  will 
return  to  buy  more  of  his  goods. 
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doctor,  a mechanic,  or  a ballplayer.  No  one 
is  forced  to  buy  the  services  of  these  people. 
There  is  a great  deal  of  choice  about  buying 
and  selling  services.  This  is  another  part  of 
the  free  enterprise  system. 


Supply  and  Demand 


People  form  new  companies  to  make  and 
to  service  goods  because  they  hope  to  make  a 
profit.  They  work  to  improve  their  goods 
and  services,  to  devise  new  products,  and 
to  make  a profit.  A product  must  be  some- 


Gross  National  Product  (Billions  of  Dollars) 
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Fig.  3-4.  Our  economic  growth  is  shown  by  our  GNP 
(Gross  Notional  Product)  and  the  per  capita 
GNP.  The  GNP  is  the  value  of  all  goods  and 
services  produced  in  the  nation.  The  per 
capita  GNP  (the  amount  of  the  GNP  pro- 
duced by  each  person)  is  figured  by  dividing 
the  GNP  by  the  number  of  people  in  the 
nation. 


thing  that  consumers  (buyers)  will  choose 
to  buy.  This  gives  the  consumers  some 
power.  Whatever  they  are  willing  and  able 
to  buy  is  called  demand.  Whatever  is  made 
and  offered  for  sale  is  called  supply. 
The  demand  for  a product  or  service  always 
affects  the  supply  of  that  product  or  ser- 
vice. For  example,  if  consumers  buy  only 
small  cars,  manufacturers  will  keep  on 
making  them.  If  consumers  buy  only  large 
automobiles,  manufacturers  will  make  these 
instead.  Sometimes,  the  quality  of  the  ser- 
vice that  is  available  will  decide  which  cars 
are  bought. 

Most  goods  are  provided  by  more  than 
one  firm.  In  the  auto  industry  several  firms 
make  and  service  small  cars.  These  firms 
compete  (each  tries  to  do  better  than  the 
other)  for  sales.  They  try  to  learn  just 
what  the  demand  will  be  so  they  can  supply 
exactly  what  the  consumers  want. 

Competition  helps  keep  the  quality  of 
goods  from  falling  very  low.  The  consumer 
will  buy  products  that  work  well  and  that 
require  little  servicing.  He  will  not  buy  a 
poorly  made  auto,  for  instance,  if  there  is 
a better  one  for  sale  at  the  same  price. 


Economic  Growth 

Each  year  the  total  worth  of  all  goods 
and  services  sold  in  the  United  States  is 
figured.  This  total  worth  is  called  Ch'oss 
National  Product  or  GNP.  As  the  number 
of  people  in  America  keeps  growing,  sales 
keep  growing  too.  Each  year  people  buy 
more  houses,  more  schools  and  school  books, 
more  food,  more  haircuts,  more  of  almost 
everything  than  they  bought  the  year  be- 
fore. Comparing  last  year’s  GNP  with  the 
figure  for  the  year  before  shows  the  eco- 
nomic growth  (increased  business)  of  the 
United  States,  Fig.  3-4. 


The  System  of  Manufacturing 

To  understand  our  manufacturing  system 
(orderly  way  of  making  things),  you  should 
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think  of  it  as  having  three  main  parts:  (1) 
input,  (2)  process,  and  (3)  output.  Fig. 
3-5.  To  work  well,  the  system  must  be 
managed  (planned,  organized,  and  con- 
trolled), and  so  must  each  of  its  parts. 

Input  is  whatever  goes  into  a system. 
There  are  six  kinds  of  input  to  the  manu- 
facturing system: 

1.  Natural  resources:  the  animal,  vege- 
table, and  mineral  materials  of  nature, 

2.  Financing:  money  in  the  form  of  cash 
or  credit  (borrowing  power) , 

3.  Capital:  buildings,  machines,  equip- 
ment, tools, 

4.  Energy:  for  example,  the  energy  of 
falling  water,  wind,  or  fuel;  electricity; 
the  sun’s  radiation ; and  atomic  energy, 

5.  Human  resources:  people,  and 

6.  Knowledge:  knowing  what  to  do  and 
how  to  do  it. 

Each  input  is  important.  Fig.  3-6.  If  even 
one  is  missing,  a company  cannot  succeed. 


Manufacturing  System 


Fig.  3-5.  The  manufacturing  system  has  three  main  parts: 
input,  process,  and  output. 


A process  is  an  activity  that  has  a pur- 
pose or  goal.  In  industry,  all  activity  must 
be  efficient  and  skillful.  All  processes  are 
carefully  chosen  and  tried  out.  When  a 
process  works  well  and  is  put  to  daily  use, 
it  is  called  a practice.  In  industry  three 
kinds  of  practices  are  important.  Fig.  3-7  : 

1.  Management  practices, 

2.  Production  practices,  and 

3.  Personnel  practices. 

Management  practices  make  sure  every- 
thing goes  according  to  plan.  One  important 
part  of  a management  job  is  to  make  deci- 
sions. 

Production  practices  change  the  forms  of 
natural  resources  into  products  to  be  sold. 
Some  of  these  practices  also  are  used  to 
service  goods  when  they  need  maintenance 
or  repair. 

Personnel  practices  make  sure  that  the 
skills  of  workers  are  used  in  the  best  way. 
Workers  are  helped  to  understand  each 
other  and  get  along  together,  and  their  jobs 
are  made  more  satisfying. 

Output  is  whatever  comes  out  of  a sys- 
tem. The  outputs  of  industry  are  material 
goods.  One  branch  of  industry  is  called 
construction.  It  produces  goods  like  office 
buildings,  houses,  water-supply  systems, 
highways,  and  bridges.  Materials  for  these 
products  are  assembled  (put  together)  at 
the  place  where  they  will  be  used. 


Inputs 

-Natural  resources 
-Finance 
-Capital 
-Energy 

-Human  resources 
-Knowledge 

Fig.  3-6.  Each  of  these  Inputs  is  necessary  before  manu- 
facturing can  even  begin. 


Fig.  3-7.  There  are  three  kinds  of  manufacturing  prac- 
tices. They  work  together  efficiently  to 
process  all  the  inputs. 
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Another  branch  of  industry  is  called 
manufacturing.  It  produces  goods  like  radios, 
cans  of  paint,  newspapers,  and  hammers. 
These  products  are  assembled  in  a plant  or 
factory. 


Durable  and  Nondurable  Goods 

The  United  States  government  has  a sys- 
tem for  putting  the  outputs  of  manufactur- 
ing into  classes  (groups).  There  are  two 
main  classes:  durable  goods  and  nondurable 
goods,  Fig.  3-8.  Products  that  usually  last 
at  least  three  years  are  called  “durable”. 
Fig.  3-9.  Products  that  usually  last  fewer 
than  three  years  are  called  “nondurable”. 
Fig.  3-10.  Figure  3-11  shows  different 
kinds  of  goods  in  these  two  gioups.  Those 
on  the  left  are  nondurable.  The  ones  on  the 
right  are  durable. 


Summary 

The  system  of  supply  and  demand,  with 
companies  competing  for  sales  and  profit, 
brings  many  benefits. 

1.  The  consumer  has  a wide  choice  of 
goods  and  services. 

2.  The  quality  of  a product  may  become 
poor,  but  it  will  not  stay  poor  if  a 
better  product  can  be  made  for  the 
same  price. 

The  manufacturing  system  has  three  main 
parts:  input,  process,  and  output.  Each  day 
we  enjoy  using  the  durable  and  nondurable 
outputs  of  production. 


Outputs 


Rg.  3-8.  NAonufocturing  ho$  two  kinds  of  outputs. 
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Fig.  3-9.  These  goods  are  called  durable.  This  means 
that  they  are  expected  to  last  for  three  years 
or  longer. 


Fig.  3-10.  Most  of  these  goods  are  called  nondurable. 

This  means  that  they  will  be  used  up  in  fewer 
than  three  years. 
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Fig.  3'11.  This  system  of  grouping  manufactured 


products  was  prepared  by  the  United  States  Bureau  of  Census. 


Think  About  It! 


1.  What  could  you  do,  as  a cormmer,  if 
a company’s  products  became  poorer  in 
quality  than  you  wanted  them  to  be? 


2.  What  could  a company  do  if  its  natural 
resources  were  used  up  or  no  longer 
available? 
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Manufacturing 

Technology 


The  word  technology  comes  from  a Greek 
word  meaning  skill  in  doing  something.  To 
do  things  well  is  to  be  skillful.  The  word 
ending  logy  means  “a  science  of”.  Science  is 
knowledge  which  has  order  or  .system.  Tech- 
nology,  then,  is  the  science  of  expert  doing  or 
skillful  action. 

Man  is  a very  active  animal,  so  he  has 
many  different  kinds  of  technology.  They  de- 
pend on  what  he  is  doing.  One  kind  you  will 
read  about  is  manufacturing  technology,  the 
science  of  making  material  goods  skillfully. 
All  of  our  material  goods  made  in  factories 
and  plants  are  mainly  the  result  of  manufac- 
turing technology. 

There  are  three  kinds  of  manufacturing 
technology:  (1)  management  technology 

(2)  production  technology,  and  (3)  person- 
nel technology.  Fig.  4-1.  In  making  goods,  as 
in  making  meals,  there  are  steps  to  follow. 
Before  your  mother  prepares  a meal,  she  de- 
cides what  she  will  cook.  Then  she  goes  to  the 
store  and  buys  the  food  she  will  bring  home 
for  the  meal.  She  checks  often  as  she  cooks 
the  food  to  be  sure  it  is  properly  done.  When 
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Personnel  Technology 


Fig.  4*1.  There  are  three  divisions  of  manufacturing 
technology. 


she  does  these  things,  she  plans,  organizes, 
and  controls.  Fig.  4-2.  These  steps  are  also 
followed  in  a modern  plant.  They  are  called 
the  technology  of  manufacturing  manage- 
ment. 


Manufacturing  Management 
Technology 

Planning  (deciding  what  work  must  be 
done),  organizing  (getting  everything  ready 
for  work),  and  controlling  (overseeing  the 
work)  are  kinds  of  management  in  a modern 
plant.  The  technology  of  manufacturing 
management,  then,  is  the  science  of  planning, 
organizing,  and  controlling  work. 

Management  is  sometimes  called  “getting 
work  done  through  other  people.”  To  do  this, 
decisions  are  made.  Your  mother  decides 
what  to  cook,  how  to  cook,  and  how  to  serve 
the  food.  But  she  is  not  the  only  one  who 
decides  what  to  eat,  and  she  is  not  the  only 


Fig.  4*2.  Manufacturing  management  technology  has 
three  functions. 
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one  who  does  the  work.  These  decisions  are 
also  important  in  manufacturing  manage- 
ment. Planning,  organizing,  and  controlling 
are  not  done  by  managers  alone.  Other  peo- 
ple help  to  carry  out  these  actions  {func- 
tions), Fig.  4-3. 

Manufacturing  Production  Technology 

The  making  of  manufactured  goods  is 
called  production.  Production  of  goods  goes 
through  stages  called  (1)  preprocessing, 
(2)  processing,  and  (3)  postprocessing.  Fig. 
4-4.  The  technology  of  production  is  called 
the  science  of  preprocessing,  processing,  and 
postprocessing. 


Fig.  4-3.  Many  people  are  involved  In  planning,  organ- 
izing, and  controlling. 


Before  material  can  be  processed  (changed 
in  form),  it  must  be  brought  to  the  place 
where  it  will  be  used.  Then  it  is  prepared  for 
use.  Let  us  follow  your  mother  from  the 
time  she  first  decided  to  serve  corn-on-the- 
cob  until  the  time  when  you  bite  into  a hot, 
buttered  ear.  She  must  first  decide  where  to 
buy  the  corn.  Then  she  picks  out  the  most 
appetizing  ears  of  corn,  brings  them  home, 
unwraps  them,  and  stores  them  in  the  re- 
frigerator until  just  before  they  are  to  be 
cooked.  Then  she  takes  them  out  of  the  re- 
frigerator and  takes  off  the  husks  and  silk. 

This  is  much  like  the  preprocessing  step  in 
a big  plant.  Before  materials  can  be  changed 
into  products  to  be  sold,  they  must  be  or- 
dered, unpacked,  handled,  stored,  and  pro- 
tected. Before  your  shoes  were  ready  to  be 
worn,  much  happened  to  the  natural  leather 
from  which  they  are  made.  The  hide  was  cut 
from  a cow  and  was  probably  brought  to 
the  factory  in  its  natural  state.  Then  it  had 
to  be  handled  and  stored  carefully  so  that  it 
could  be  used. 

After  material  has  been  preprocessed,  it  is 
ready  to  be  processed,  Fig.  4-6.  The  raw 
corn-on-the-cob  is  simple  to  process.  The  ears 
are  put  into  a pan  of  boiling,  salted  water  to 
cook  for  a short  time.  When  all  ears  are  juicy 
and  tender,  they  are  removed  from  the 
water  and  taken  to  the  table.  Raw  leather  is 
usually  rough  and  stiff.  It  must  be  worked  in 
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Fig.  4-4.  There  are  three  functions  of  manufacturing 
production  technology. 


Fig.  4-5.  These  helicopters  are  being  processed.  Be- 
fore they  leave  the  factory,  they  will  need 
many  kinds  of  processing. 


00 


many  ways  before  it  can  be  bent  to  the  shape 
of  your  foot  and  polished  brightly.  This 
processing,  unlike  cooking  corn-on-the-cob, 
may  take  much  time  and  the  work  of  many 
people. 

Production  does  not  end  when  the  product 
leaves  the  factory.  After  a product  has  been 
processed  and  delivered  to  the  buyer,  it 
may  still  need  to  be  installed  (put  in  its 
proper  place),  maintained  (kept  in  good 
condition),  repaired  (fixed),  or  altered 
(changed) . After  your  meal,  if  there  is  still 
corn-on-the-cob  left,  your  mother  may  change 
its  form.  She  may  scrape  the  cooked  corn 
from  the  cob  and  mix  it  with  meat  and  other 
foods  for  another  meal.  This  is  postprocess- 
ing. The  heels  of  your  shoes  may  wear  down 
after  you  have  worn  them  awhile.  If  your 
parents  take  them  to  a shoe  repairman,  this 
is  also  postprocessing.  Usually,  these  activi- 
ties are  called  servicing.  The  knowledge 
needed  for  both  postprocessing  and  process- 
ing is  the  same,  but  the  knowledge  is  used  at 
a different  time  and  in  a different  place. 


Fig.  4-6.  Manufacturing  personnel  technology  has  five 
functions. 
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Manufacturing  Personnel  Technology 

In  manufacturing,  personnel  technology  is 
the  name  given  to  (1)  hiring,  (2)  training, 
(3)  working,  (4)  advancing,  and  (5)  retir- 
ing workers.  Fig.  4-6.  The  technology  of  per- 
.sonnel  work,  then,  is  called  the  science  of 
hiring,  training,  working,  advancing,  and 
retiring.  Your  mother  finds  jobs  you  can  do 
well.  Then  she  shows  you  how  to  do  them.  In 
the  same  way,  personnel  workers  find  what 
kinds  of  work  are  best  for  different  people, 
what  ways  are  best  to  teach  them  new  jobs, 
and  how  to  help  people  improve  their  work. 
Fig.  4-7.  Every  day  more  people  see  that  if 
each  person  is  to  do  his  best  work  and  be 
satisfied,  those  who  manage  him  must  know 
what  kind  of  person  he  is  and  how  he  feels. 
Personnel  programs  are  planned  to  find  out 
how  this  can  best  be  done. 

Summary 

Manufacturing  technology  is  the  science  of 
skillful  action  in  a modern  manufacturing 
plant.  The  three  kinds  of  manufacturing 
technology  are : 

1.  Management  technology  (planning,  or- 
ganizing, and  controlling) , 


Fig.  4*7.  Interviewing  and  testing  are  basic  steps 
in  hiring. 
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2.  Production  technology  (preprocessing, 
processing,  and  postprocessing) , and 

3.  Personnel  technology  (hiring,  training, 
working,  advancing,  and  retiring) . 

This  course  in  The  World  of  Manufacturing 
will  help  you  understand  what  these  stages 
are  and  what  is  done  in  each  of  them. 


Think  About  It! 

1.  Who  decides,  from  the  food  available, 
what  you  will  have  to  eat  this  evening? 
How  are  these  decisions  made  in  your 
home? 

2.  How  was  your  father  hired  for  the  job  he 
has  now?  How  was  he  trained  for  his 
work  ? How'  is  his  work  being  improved  ? 


Terms  to  Know 

technology 

science 

manufacturing  technology 
management  technology 
production  technology 
personnel  technology 
planning 
organizing 


ordering 

unpacking 

handling 

storing 

protecting 

installing 

maintaining 

repairing 


controlling 

decisions 

functions 

production 

preprocessing 

processing 

postprocessing 

processed 


altering 

servicing 

hiring 

training 

working 

advancing 

retiring 
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Manufacturing 

Management 

Technology 


You  have  learned  that  one  important  kind 
of  manufacturing  technology  is  manage- 
ment. If  someone  plans,  organizes,  or  con- 
trols activities,  he  manages  them. 

The  activities  (functions)  of  management 
are  a part  of  most  work  and  play.  Your  par- 
ents manage  family  and  home  affairs;  they 
plan,  organize,  and  control  many  activities. 
Your  school  principal,  with  others,  manages 
school  activities  and  events.  Your  city  is 
managed  by  elected  or  appointed  officials. 
State  and  federal  governments  are  managed. 
All  the  practices  of  agriculture,  business, 
and  industry  must  be  planned,  organized, 
and  controlled  to  be  successful. 

What,  then,  are  the  steps  in  management 
that  are  special  to  manufacturing?  How  are 
these  steps  related  to  planning,  organizing, 
and  controlling? 


Fig.  5-1.  Surveys  are  one  woy  of  leorning  consumer 
demonds.  This  women  is  asking  the  opinion 
of  eoch  member  of  o fomiiy  and  recording 
the  answers. 


Manufacturing  Management  Stages 

Management  has  six  main  steps  or  stages 
in  manufacturing.  They  are : 

1.  Identifying  (finding  out)  what  consum- 
ers want.  Fig.  5-1 ; 

2.  Designing  and  engineering  the  prod- 
uct; 

3.  Planning  ways  to  make  the  product ; 

4.  Tooling  up  (getting  tools  and  machines 
ready) , Fig.  5-2 ; 

6.  Getting  inputs  to  the  system ; 

6.  Setting  up  production  and  quality  con- 
trols, Fig.  5-3. 


Fig.  5-2.  Before  production  con  begin,  all  the  mochines 
used  in  the  monufocturing  process  must  be 
set  up  and  odjusted  so  thot  the  right  opero- 
tions  are  done  ot  the  right  time.  These  men 
ore  tooling -up  driil  presses  to  get  ready 
for  production. 
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Manufacturing  Management 
Technology 

During  the  next  several  weeks  you  will 
learn  the  stages  of  management  in  detail.  In 
each  stage  there  must  be  planning,  organiz- 
ing, and  controlling.  Management  always 
means ; 

1.  Planning  the  work  of  others, 

2.  Organizing  the  planned  work  so  that  it 
will  be  carried  out  efficiently,  and 

3.  Controlling  the  work. 

These  things  are  done  at  all  levels  of  man- 
agement, Fig.  6-4.  Management  is  also  needed 
in  all  departments  of  a plant. 

The  Planning  Function 

Without  planning  there  would  be  confu- 
sion in  a plant.  There  are  two  main  kinds  of 
planning:  (1)  long-range  and  (2)  short- 
term planning.  Long-range  planning  gives 
direction  for  five,  ten,  or  more  years  in  ad- 
vance, Fig.  6-6.  Men  with  new  ideas  in  the 
top  levels  of  management  are  needed  for  this 
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Factory  Manager 

I 

General  Foreman 

~ I 

Foreman 

I 

Workers 


Fig.  5-4.  Management  has  many  levels.  Each  of  them 
is  in  charge  of  certain  activities  within 
the  company. 


Fig.  5-3.  The  inspection  on  this  ossembly  line  is  one 
port  of  quality  control.  Inspections  ore  also 
mode  oil  through  the  process  to  moke  sure 
that  the  quality  stays  ot  o high  level. 


Fig.  5-5.  Planning  is  done  for  the  future  os  well  as  the 
present,  long  ronge  plonning  gives  the  corn- 
pony  direction  so  that  it  ond  its  products  will 
not  become  out  of  dote. 
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work.  Short-term  (short-range)  planning 
gives  direction  for  day-to-day,  and  month-to- 
month  details.  This  kind  of  planning  is  done 
by  middle  and  lower-level  management,  Fig. 
5-6. 

Both  kinds  of  planning  (1)  set  up  com- 
pany rules  and  goals,  (2)  carry  out  re- 
search, and  (3)  design  and  engineer  prod- 
ucts, processes,  and  plant.  All  planning, 
then,  is:  (1)  formulating  (deciding),  (2) 
researching,  (3)  designing,  and  (4)  engi- 
neering, Fig.  5-7. 

A company’s  leaders  must  formulate  (de- 
cide) long-range  and  short-range  goals,  or 
objectives.  They  must  set  up  policies  that 
will  decide  the  future  of  the  company  and 
make  sure  that  it  will  grow.  Should  we 
build  a new  plant?  Should  we  develop  a new 
product  line?  Will  we  merge  (combine)  with 
another  coi'ipany?  These  and  other  questions 
must  be  thought  about  and  answered  by  top- 
level  management. 

Today,  most  firms  cannot  exist  or  gfrow 
without  the  knowledge  gained  through  re- 
search (careful  hunting  for  new  ideas). 
Some  large  firms  have  their  own  research 
workers  and  laboratories.  Fig.  6-8.  Smaller 
firms  may  have  research  done  for  them  by 
public  or  private  research  companies.  It  is 


important  to  learn  more  about  new  mate- 
rials, new  processes,  and  new  products. 

Research  gives  answers  to  such  questions 
as : What  have  other  people  already  found 
out?  (Retrieving.)  What  are  our  present 
surroundings  like?  (DescHbing.)  What  will 


Fig.  5-7.  There  are  four  steps  in  planning. 


Fig.  5-6.  Setting  goals  and  objectives  by  long  range 
planning  is  done  at  the  higher  tnanagement 
levels  of  a compony. 


Fig.  5-8.  Research  is  needed  for  company  growth  and 
product  improvement.  Most  companies  do 
some  research.  It  is  often  expensive,  but  it 
more  than  pays  for  its  cost. 
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happen  if  I change  some  things  without 
changing  others?  {Experimenting.) 

In  manufacturing,  many  people  design 
products  and  the  ways  to  make  them,  Fig. 
6-9.  Several  solutions  (answers)  to  each 
problem  of  design  must  be  thought  up.  A 
product  designer  may  give  a new  form 
(shape)  or  new  colors  to  a product.  A per- 
sonnel man  may  design  a suggestion  system 
for  workers.  An  engineer  may  design  a new 
machine  to  move  heavy  workpieces  from  one 
work  place  to  another.  The  best  solutions  are 
chosen  after  all  solutions  to  the  problem 
have  been  considered. 

After  products  or  processes  are  designed, 
they  must  be  engineered  (planned  out).  En- 


Fig. 5-9.  Many  kinds  of  products  are  manufactured  in 
different  styles  and  models.  The  shape  and 
size  of  these  ladders  are  the  result  of 
product  design. 
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gineers,  technicians  (people  with  special 
knowledge  or  skills),  and  draftsmen  work 
at  engineering  details.  Production  processes 
and  the  best  way  for  men  and  machines  to 
work  together  must  be  planned.  Costs  are 
figured  (estimated).  Special  tools  are  de- 
veloped to  help  in  making  the  product. 
Materials  and  work  flow  are  scheduled 
(what  is  done  first,  second,  next,  and  so  on 
until  the  product  is  finished).  A quality 
control  system  is  set  up  (deciding  what  kind 
of  work  will  be  allowed  to  leave  the  plant 
and  what  kind  must  be  thrown  out  as  poor 
quality).  These  are  a few  examples  of  the 
engineering  function  of  planning. 

Designing  and  engineering,  together,  are 
sometimes  called  development. 


The  Organizing  Function 

The  planning  function  provides  the  plan 
(goals).  But  if  the  plan  is  to  succeed  so  that 
work  will  be  done  quickly  and  well,  a plant 
must  be  organized  (set  up).  There  are  two 
main  kinds  of  organizing: 

1.  Structuring,  and 

2.  Supplying,  Fig.  6-10. 

Small  plants  with  few  workers  often  do 
not  have  a regular  structure.  Large  plants 
have  very  complicated  structures.  A factory 
owner  or  manager  must  have  workers  to  do 
each  job.  He  must  give  his  company  a struc- 
ture by  finding  out  the  work  to  be  done, 
where  it  will  be  done,  and  who  will  do  it. 


Organizing 


Fig.  5-10.  The  organizing  function  of  manufacturing 
has  two  parts. 
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The  structure  of  a company  can  be  shown 
on  an  organization  chart,  Fig.  6-11. 

After  the  plant  is  structured  (formed), 
workers  must  be  employed  (hired  or  sup- 
plied) for  each  management  and  production 
job.  Equipment  and  material  must  be  bought 
Sometimes  parts  used  in  the  work  are  made 


by  other  companies  (subcontracted).  When 
these  parts  are  received  from  the  subcontract 
tors,  they  are  assembled  into  the  final  prod- 
ucts. 

Organizing  continues  all  the  time.  Im- 
provements are  made  when  they  will  help  the 
company  to  grow. 


Stockholders 


-Research  & 
development 


-Sales 

-Public  relations 


-Design 

-Laboratories 

-Appropriations 

^Applications 


-Contracts 

-Advertising 


-General 
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-Pay  roll 
accounts 

-Cost 

accounts 

-Credits  & 
collections 


Employment 

-Medical  & 
safety 

-Industrial 

relations 

-Employee 

relations 

-Plant 

protection 


- Mfg.  engineering 


■ Plant  engineering 


Fig.  5-11.  This  chart  shows  one  type  of  company  organization.  Note  the  different  levels  of  manogement. 
There  may  be  other  plants  besides  the  one  shown  here. 
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The  Controlling  Function 

To  plan  and  orgranize  the  work  carefully 
is  not  enough.  Workers,  equipment,  and  ma- 
terial must  also  be  controlled.  The  four 
main  kinds  of  control  are : 

1.  Directing, 

2.  Monitoring, 

3.  Reporting,  and 

4.  Correcting,  Fig.  6-12. 

Directing  means  supervising  and  coordi- 
nating the  work  (keeping  in  right  order). 
Workers,  equipment,  and  materials  all  must 
w’ork  together  well.  Someone  must  direct  the 
w'ork  in  each  department  of  a plant  and  at 
each  level  of  organization. 

Monitoring  means  checking  or  keeping 
close  w’atch.  Many  people  in  a plant  check  to 
see  if  the  work  is  going  according  to  plan, 
Fig.  5-13.  Inspectors  are  monitors.  They 
check  the  quality  of  a product  while  it  is 
being  made.  Even  research  is  checked  to 
see  if  it  is  going  smoothly.  Another  kind  of 
monitoring  is  keeping  lists  of  goods  {inven- 
tories) so  that  enough  stock  can  be  kept  on 
hand  for  the  work  to  be  done.  Fig.  5-14. 
Keeping  records  of  when  workers  are  on  the 
job  is  still  another  kind. 


Fig.  5-lZ  The  controlling  function  of  manufacturing 
mor.ogemenf  hos  four  parts. 


Rg.  5-13.  Foremen  help  monitor  the  work  of  the 

company*  This  man  is  observing  #he  workers 
and  giving  advice  when  needed  so  that 
the  work  vrill  be  done  according  to  plon* 


Rg.  5-14.  This  partly  outomatic  warehouse  is 
controlled  by  one  dispatcher*  The 
outomatic  equipment  enobies  him  to 
quickly  find  out  the  inventory  levels  ond 
to  report  low  supplies  to  the  purchosing 
department* 


Manufacturing  Management  Technology 


33 


Reporting  Is  important  If  an  Inspector 
finds  that  the  workpieces  are  not  the  right 
size,  he  must  report  this  to  a responsible  per- 
son (someone  who  can  do  something  about 
it).  If  the  supply  of  a material  is  low,  this 
is  also  reported. 

Correcting  is  a controlling  function.  ^Vhen 
a report  shows  that  some  work  should  be 
corrected,  the  work  must  be  done  over  again 
according  to  the  plans.  Sometimes  the  plans 
must  be  revised  (changed).  If  corrections 
are  not  made,  the  company  will  lose  time,  ma- 
terials, and  money. 


Summary 

Many  people  in  a plant  perform  manage- 
ment activities  (functions).  They  must  plan, 
organize,  and  control.  All  three  activities  go 
on  at  the  same  time. 

We  can  think  of  management  as  a story  in 
six  parts  (steps),  starting  with  finding  out 
the  products  the  consumer  (buyer)  wants. 
Production  changes  the  materials  into  the 
products  to  be  sold.  Management  makes  sure 
that  production  runs  smoothly. 

Your  next  reading  begins  the  story.  Read 
each  lesson  carefully.  You  will  learn  how 
planning,  organizing,  and  controlling  are 
part  of  each  step  in  the  story. 


Terms  to  Know 

manages 

work  flow 

functions 

development  plan 

identifying 

scheduled 

consumers 

quality  control 

designing 

system 

engineering 

organized 

planning 

structure 

tooling  up 

organization  chart 

inputs 

employed 

long.range  planning 

sulxontracted 

short-term  planning 

subcontractors 

formulate 

controlled 

merge 

directing 

top-level  management 

coordinating 

research 

monitoring 

retrieving 

inspectors 

describing 

inventories 

experimenting 

reporting 

engineered 

responsible 

technicians 

correcting 

draftsmen 

revised 

Think  About  It! 

1.  What  kinds  of  long-range  planning  and 

short-term  planning  are  done  in  your  fam- 
ily? Give  examples  of  each. 

2.  How  is  a homework  assignment  controlled 
by  a teacher?  by  a student? 


Inputs 

to  Manufacturing 


To  manufacture  any  product,  a company 
needs  six  main  kinds  of  inputs:  (1)  natural 
resources,  (2)  energy,  (3)  finance,  (4)  capi- 
tal, (5)  human  resources,  and  (6)  knowl- 
edge. If  all  six  of  these  inputs  are  not  used 
at  the  same  time,  the  manufacturing:  process 
breaks  down.  Production  may  stop,  workers 
may  be  laid  off,  or  the  company  may  lose 
money.  So,  a manufacturer  must  get  inputs 
as  efficiently  as  possible. 

Natural  Resources 

Natural  resources  are  taken  from  the 
earth,  sea,  and  air,  Figs.  6-1,  6-2,  and  6-3. 
They  may  be  used  in  their  natural  state  (for 
example,  water)  or  they  may  be  processed 
(as  iron  ore  is  processed  into  steel).  Nat- 
ural resources  are  the  most  important  input 
because  the  kinds  and  amounts  of  these  re- 
sources determine  (put  a limit  on)  the  kinds 
of  goods  that  men  can  make. 


Fig.  6*1,  Most  of  our  natural  resources  are  taken 
from  the  earth. 


Rg.  6‘Z  Petroleum  is  a natural  energy  source.  This 
drillir>g  rig  can  search  hundreds  of  feet 
under  the  ocean  to  extract  (take  out) 
natural  crude  oil. 


Fig.  6-3.  The  air,  as  well  as  the  earth  and  sea,  gives 
us  natural  resources.  This  man  is  checking 
tanks  of  oxygen  which  has  been  "reduced** 
from  the  atmosphere. 
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Some  natural  resources,  like  cotton,  vege- 
tables, and  fruits  are  easily  replaced.  Others, 
like  petroleum  and  natural  gas,  can  be  re- 
placed only  after  thousands  of  years.  So,  men 
must  conserve  (protect)  their  natural  re- 
sources. Land  can  be  saved  by  preventing 
floods  and  erosion  (soil  being  washed  away). 
Timber  supplies  can  be  restored  by  planting 
trees  to  replace  those  that  have  been  cut 
down  or  burned.  Minerals  can  be  saved  by 
better  ways  of  mining,  and  much  fuel  can 
be  saved  by  more  efficient  use.  America  also 
protects  her  own  supply  of  resources  by  im- 
porting (bringing  in)  raw  materials  from 
other  countries.  To  save  some  natural  re- 
sources, men  are  working  to  develop  syn- 
thetic (man-made)  resources.  Two  of  these 
features  are:  (1)  plastics  to  replace  mineral 
and  wood  products,  and  (2)  atomic  power  to 
replace  natural  fuels. 


Energy 

An  input  that  is  very  important  to  manu- 
facturing is  energy.  Manufacturing  plants 
are  usually  located  near  a source  (supply)  of 
energy  so  that  large  amounts  of  money  are 
not  needed  to  get  power  for  the  plant.  Some- 
times, an  area  rich  in  one  kind  of  natural 
resource  does  not  develop  manufacturing. 
This  happens  because  a cheap  source  of 
energy  is  not  at  hand.  Waterpower,  coal,  and 


Fig.  6-4.  This  nuclear  power  station  will  produce 

electricity,  a necessary  input  to  manufacturing. 


petroleum  are  basic  sources  of  energy  that 
arc  often  used  to  make  electricity  and  other 
kinds  of  power.  Power  from  ocean  tides, 
energy  from  the  sun’s  rays,  and  nuclear 
energy  are  also  being  developed,  Fig.  6-4. 


Finance  and  Capital 

Working  capital  is  money  (finance)  used 
to  buy  raw  materials  and  to  hire  workers. 
Fixed  capital  is  tools,  machines,  and  factory 
buildings.  Both  kinds  of  capital  help  men  in 
production,  Fig.  6-6.  In  other  wor^,  manu- 
facturers need  money  for  natural  resources, 
for  energy  input,  and  for  machines.  Many 
workers  make  private  consumer  goods  like 
bread,  shoes,  or  petroleum.  Many  other 
workers  make  fixed-capital  goods  like  ma- 
chines, tools,  or  new  inventions. 

Working  capital  is  created  when  people 
save  money  in  banks,  Fig.  6-6.  For  the  small 
saver,  this  might  mean  giving  up  certain 
pleasures.  For  people  with  large  incomes,  it 
is  easier  to  save  their  money  than  to  find 
ways  to  spend  it  The  buying  of  stocks  and 
bonds  by  savers  gives  manufacturers  work- 
ing capital  (money  or  finance)  to  buy  fixed 
capital.  The  people  who  supply  the  savings 
which  help  make  up  capital  are  called  in- 
vestors. 


Rg.  6-5.  Money  is  needed  for  capital  spending.  All 
these  buildings  are  fixed  capito!  of  the 
company. 
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Human  Resources 

Human  resources  (people)  are  a very  im- 
portant input.  People  perform  (do)  work  or 
labor.  Labor  is  sometimes  physical  (the 
worker  on  the  assembly  line),  or  it  may  be 
mental  (the  work  of  a researcher,  Fig.  6-7). 
It  is  often  a mixture  of  both  physical  and 
mental  work.  The  supply  of  labor  is  always 
changing.  In  the  summer  many  students 
enter  the  labor  force  (groups  of  working 
people).  Recently,  many  women  have  entered 
the  labor  force. 

The  skills  of  the  labor  force  also  change. 
Since  machinery  is  now  widely  used  in  in- 
dustry, many  workers  learn  how  to  operate 
(w’ork  with)  machines.  Fig.  6-8.  Others 
learn  how  to  repair  the  machines.  Because 
business  firms  are  complicated,  some  workers 
become  supervisors,  accountants,  bookkeep- 
ers, and  secretaries. 


Fig.  6-6.  Banks  lend  the  money  saved  by  millions  of 
people.  Monofacforers  may  borrow  the 
money  fo  buy  land,  buildings,  or  equipment. 


Many  things  determine  (decide)  which 
people  will  do  a certain  kind  of  work.  Peo- 
ple will  either  find  a job  where  they  live  or 
they  will  move  to  a location  near  a job.  They 
must  have  the  skills,  training,  and  knowl- 
edge needed  for  a job.  They  must  receive  cer- 
tain compensation  (pay)  for  their  work. 


Fig.  6-7.  Many  highly  skilled  and  froined  persons  are 
needed  by  manufacturing.  This  researcher  is 
looking  for  improved  medicines. 


Fig.  6-8.  Troining  this  man  for  his  job  is  a function 
of  manufacturing  personnel  technology. 
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Fig.  6-9.  Monufocturing  needs  people  with  knowledge. 
One-t’iird  of  oil  the  people  in  the  United 
Sfofes  ore  involved  in  schooling  of  some  kind. 


Fig.  6-10.  These  graduates  will  become  part  of  the 
labor  force.  Education  is  becoming  more 
important  to  manufacturing  all  the  time. 


Whether  they  find  their  job  through  a school, 
an  employment  agency,  or  newspaper  ad- 
vertisements, many  people  learn  that  the 
best  jobs  go  to  those  with  good  education. 
This  will  be  even  more  true  in  the  future 
when  manufacturing  processes  and  organi- 
zation become  more  complex  (complicated) 
and  specialized  (requiring  special  skills  or 
training).  Today  almost  all  workers  in  the 
labor  force  are  staying  in  school  until  high 
school  graduation.  After  high  school,  many 
go  on  to  other  schools  or  colleges  for  spe- 
cialized training.  Most  workers  return  to 
school  every  few  years  for  extra  training 
and  education. 


Knowledge 

Even  when  natural  resources,  energy,  fi- 
nance, capital,  and  human  resources  are  at 
hand,  the  knowledge  that  workers  have  is 
very  important.  Fig.  6-9.  Without  knowledge, 
a company  could  not  succeed. 

You  have  learned  that  there  are  three  im- 
portant kinds  of  knowledge  needed  in  manu- 


facturing: (1)  manufacturing  management 
technology,  (2)  manufacturing  production 
technology,  and  (3)  manufacturing  person- 
nel technology.  The  people  (human  re- 
sources) who  work  in  manufacturing  must 
have  these  kinds  of  manufacturing  knowl- 
edge. 

In  addition  to  manufacturing  knowledge, 
workers  must  bring  other  kinds  of  knowl- 
edge to  the  job.  Natural  sciences  and  mathe- 
matics are  important.  History,  law,  and  eco- 
nomics are  also  important.  In  fact,  most  of 
man’s  knowledge  is  used  by  the  manufactur- 
ing labor  force  in  a large  plant.  Fig.  6-10. 


Summary 

Many  inputs  play  a part  in  production. 
Some  of  them  are : natural  resources,  capital 
goods,  labor,  management,  the  number  and 
skill  of  workers,  and  the  financial  condition 
of  the  country.  There  are  many  others.  Six 
main  kinds  of  inputs  are:  natural  resources, 
energy,  finance,  capital,  human  resources, 
and  knowledge.  These  inputs  are  necessary 
in  today’s  manufacturing  system. 
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Terms  to  Know 


Tltink  About  It! 


inputs 

natural  resources 

extract 

determine 

conserve 

erosion 

importing 

S3mthetic  resources 

energy 

source 

finance 

a.  working  capital 

b.  fixed  capital 


private  consumer 
goods 

fixed-capital  goods 

stocks  and  bonds 

investors 

human  resources 

perform 

labor  force 

operate 

compensation 

complex 

specialized 


1.  How  would  your  life  change  if  these  nat- 
ural resources  could  no  longer  be  used? 

a.  Wheat 

b.  Petroleum 

c.  Trees 

2.  What  would  happen  to  manufacturing 
companies  if  all  people  took  their  savings 
out  of  the  banks  at  one  time? 


Organization, 
Ownership 
and  Profit 


The  ownership  of  manufacturing  com- 
panies may  take  one  of  two  forms.  The 
owners  are  either  (1)  personally  involved  in 
the  ownership,  called  a proprietorship.  Fig. 
7-1,  or  a partnership.  Fig.  7-2,  or  (2)  they 
can  create  another  legal  entity  (person), 
such  as  a corporation.  Fig.  7-3,  which,  in  a 
legal  sense,  personally  excludes  them  from 
the  company.  In  either  case,  the  owners  of 
these  types  of  manufacturing  companies 
expect  to  make  a profit  from  the  sale  of  their 
products. 


Types  of  Organization 

A common  type  of  industrial  organization 
(company)  is  the  proprietorship.  One  man 
owns  the  company  and  is  liable  (legally  re- 
sponsible) for  all  aspects  of  the  company. 
Fig.  7-1.  There  are  both  advantages  and  dis- 
advantages to  this  kind  of  ownership.  Gen- 
erally, the  single  owner  has  the  advantage 


of  (a)  having  complete  control  of  the  com- 
pany, (b)  getting  all  of  the  profits,  and  (c) 
dissolving  (ending)  the  company  whenever 


Partnership 


Fig.  7-Z  A company  with  two  or  more  owners  may 

be  a partnership.  In  this  form  of  organization 
each  owner  is  responsible  for  operating 
the  company  successfully. 


Proprietorship 


Fig.  7-1.  In  o proprietorship,  one  man  owns  ond 
operotes  the  compony. 


Corporation 


Fig.  7-3.  Stockholders  own  corporations.  Eoch  shore 
of  stock  entitles  the  owner  to  o voice  in 
the  corporotion. 
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he  wishes.  The  largest  single  disadvantage 
is  that  he  may  lose  his  own  personal  prop- 
erty to  pay  the  debts  (expenses)  of  his 
company. 

A partnership  (hvo  or  more  owners), 
Fig.  7-2,  generally  has  the  same  advantages 
and  disadvantages  that  the  proprietorship 
has,  with  the  exception  that  everything 
(decisions,  profits,  losses,  and  company 
debts)  must  be  shared  equally  by  the  part^ 
ners  (owners). 

The  other  form  of  ownership,  corporations 
(Fig.  7-3),  grew  out  of  the  need  for  owners 
to  (1)  exclude  their  personal  property  from 
the  company,  and  (2)  amass  (gather)  large 
sums  of  capital  (money)  to  create  latge 
manufacturing  plants  that  could  meet  the 
great  demand  for  products.  This  form  of 
ownership  creates  an  artificial  man  whose 
rights  and  responsibilities  are  defined  by 
law  in  its  charter.  All  corporations  must  re- 
ceive a charter  (written  permission)  in 
order  to  come  into  existence.  The  charter 
states  what  the  corporation  will  produce  and 
how  much  stock  (amount  of  ownership)  it 
will  sell  to  persons  who  wish  to  become  stocks 
holders.  The  amount  of  ownership  a stock- 
holder purchases  is  shown  by  the  number  of 
shares  (units  of  ownership)  on  a stock 
certificate. 

Advantages  of  a corporation  are  these: 

1.  It  can  raise  large  amounts  of  capital. 

2.  Its  shares  of  ownership  can  easily  be 
given  or  sold  to  other  people. 

3.  It  never  dies. 

4.  Unlike  the  other  forms  of  owner jhip 
(partnership  or  proprietorship),  its 
owners  cannot  be  made  to  pay  for  all  of 
the  debts  of  the  company. 

Corporations  must  operate  by  rules  and 
regulations.  Most  rules  that  corporations 
have  to  follow  are  in  the  public  interest 
Therefore,  corporations  cannot  operate  with- 
out obeying  the  laws  that  control  them. 

These  rules  also  allow  corporations  them- 
selves to  combine  and  make  mutual  agree^ 
ments.  They  may  agree  to  share  an  order  for 
raw  materials  so  that  each  may  get  lower 
costs  per  unit.  They  piay  share  a single  build- 


ing so  that  they  will  have  less  expensive  rent 
They  may  share  hauling  vehicles  (trucks, 
trains,  ships)  in  order  to  have  lower  freight 
rates. 

Another  kind  of  organization  is  known  as 
the  holding  company.  Fig.  7-4.  This  is  a cor- 
poration which  (rather  than  producing 
goods  itself)  owns  stock  in  other  corpora- 
tions which  do  produce  goods.  Interlocking 
directorates  occur  when  the  same  people  are 
elected  to  the  boards  of  several  different  cor- 
porations. This  means  that  a director  mak- 
ing decisions  in  Ck)rporation  A may  be  in- 
fluenced by  the  fact  that  he  is  also  a direc- 
tor in  Ck>rporation  B. 

\Vhen  two  or  more  existing  corporations 
combine  to  form  an  entirely  new  corporation, 
it  is  called  a merger.  When  the  government 
controls  mergers,  it  does  so  to  help  con- 
sumers  (people  who  buy  the  companies’ 
products).  Mergers  have  several  advantages: 


fm 


Fig.  7-4.  Holding  companies  own  stock  in  other 

corporations.  Sometimes  the  result  of  this 
structure  is  greater  efficiency  in  manufactur- 
ing management. 
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1.  They  can  produce  a ^ater  variety  of 
goods. 

2.  They  can  more  efficiently  use  their  em> 
ployees  and  buildings. 

3.  They  have  time  and  money  to  spend  for 
developing  new  products  and  investing 

Horizontal  Combination 
of  Centralized  Management 


Rg,  7-5.  Combining  the  monogement  of  several 
companies  may  improve  efficiency. 


in  (purchasing)  expensive  and  complex 
(complicated)  machinery. 

4.  They  can  cut  down  costs  by  large-scale 
purchases. 

The  term  business  combination  is  often 
used  instead  of  merger.  There  are  three  dif- 
ferent tsrpes  of  business  combinations:  (1) 
horizontal  combinations,  (2)  vertical  combi- 
nations, and  (3)  conglomerate  combinations. 
A horizontal-type  business  combination 
unites  two  or  more  companies  selling  the 
.same  product  to  the  same  types  of  customers. 
See  Fig.  7-5. 

A vertical-type  combination  unites  two  or 
more  companies  which  have  common  charac- 
teristics of  production,  materials,  or  sales. 
Vertically  organized  companies  w’ork  at  dif- 
ferent levels  in  sequence  from  (1)  extraction 
of  raw  materials  through  (2)  production 
levels  to  (3)  sales  and  (4)  service  of  a final 
product.  Pig.  7-6. 

The  third  type  of  combination,  and  recently 
most  popular,  is  the  conglomerate  combina- 
tion. It  unites  two  or  more  companies  which 
formerly  bought  and  sold  products  neither 
horizontally  nor  vertically  related  to  each 
other.  See  Fig.  7-7. 


Ownership  and  Organization 
of  Corporations 

Stockholders  own  the  corporation  itself; 
and  the  corporation  in  turn  owns  land,  ma- 


Vertical  Management  Combination 


Company  A 


Company  B 


Company  C 


Company  D 


Production  of 

Production  of 

Manufacture  of 

Sales  and  Service 

Natural  Rubber 

Synthetic  Rubber 

Rubber  Products 

of  Rubber  Products 

Rg.  7-6.  In  a vertical  management  structure,  one  management  system  controls  a variety  of  different 
manufocturing  processes.  However,  each  of  the  processes  is  contained  within  one  company. 
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chinery,  buildings,  and  other  property.  The 
stockholders  do  not  control  the  company 
directly.  Instead  they  elect  a board  of  direc- 
tors, Fig.  7-8.  The  directors  then  elect  a 
chairman  of  the  board,  a treasurer,  and  other 
necessary  officers.  The  directors  also  hire  the 
people  who  will  manage  the  company. 

Stockholders  usually  have  one  vote  for 
each  share  of  stock  they  own.  When  the 
annual  (yearly)  meeting  is  held  to  elect  the 
board  of  directors,  most  small  stockholders 
with  only  a few  votes  find  it  impractical  to 
attend.  Sometimes  they  send  their  votes  in  to 
be  cast  by  another  person.  This  is  called 
voting  by  proxy.  As  long  as  they  receive  their 
share  of  the  profits  (dividends)  regularly, 
they  usually  are  satisfied  that  the  company 
is  being  run  efficiently.  Often  their  dissatis- 
faction is  shown  by  selling  their  stock  and 
perhaps  purchasing  shares  in  another  cor- 
poration that  they  feel  will  pay  better  divi- 
dends. 

There  are  two  t3rpes  of  stock.  Preferred 
stock  pays  a set  (fixed)  dividend  which  is 
always  paid  before  any  other  dividends. 
Common  stock  pays  dividends  from  wkat  is 
left  after  the  dividends  on  the  preferred 
stock  are  paid.  If  profits  are  large,  common 


Fig.  7-7.  A conglomerate  combination  unites  two 

companies  which  formerly  bought  ond  sold 
products  neither  horizontolly  nar  vertically 
related  to  each  other. 

u7 


stock  may  pay  a larger  dividend  than  pre- 
ferred stock.  If  profits  are  low,  preferred 
stock  will  pay  a dividend,  but  common  stock 
may  pay  either  a lower  amount  or  none  at 
all. 

Corporations  also  raise  money  by  borrow- 
ing. The  certificate  which  they  give  to  the 
lender  (buyer)  is  called  a bond.  Bondholders 
get  interest  on  their  loans  regularly,  but  they 
cannot  help  elect  the  board  of  directors,  as 
stockholders  can.  Interest  must  be  paid  even 
if  the  company  does  not  make  a profit.  Bonds 
appeal  to  careful  investors  who  want  a fixed 
(sure)  return  from  their  investment  (pay- 
ment in  return  for  putting  their  money  into 
the  company). 


Elect 


a Board  of  Directors 
Who  Hire  Company  Management 
Personnel 


Fig.  7-8.  The  stockholders  elect  a board  of  directors 
to  hire  the  company  management. 
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Many  Americans  have  invested  their  sav- 
ings in  the  stock  market,  Fig.  7-9.  Today, 
almost  twenty-million  Americans,  or  one  out 
of  ten  persons  in  the  U.  S.,  own  shares  of 
corporation  stocks. 


Profit 

As  you  have  learned,  profit  is  an  important 
part  of  our  free  enterprise  system.  The  form 
of  ownership  may  affect  the  profit.  The  profit 
depends  on  the  price  the  customer  pays  for 
the  goods.  If  the  price  is  higher  than  what 
it  costs  the  manufacturer  to  produce  the 
goods,  a profit  is  made.  If  the  price  is  the 
same  as  the  cost,  or  less  than  the  cost,  there 
is  no  profit. 

In  the  past,  competitors  (businesses  hav- 
ing similar  products  to  sell  who  each  try  to 
get  its  share  of  the  buyer’s  dollar)  frequently 
joined  together  and  agreed  to  charge  a 
standard  price  (the  same  price  to  every 
customer) . In  this  way,  they  could  all  be  sure 
of  making  a large  profit  and  be  sure  that 
they  would  not  lose  buyers  to  cheaper  prod- 
ucts. When  these  combinations  controlled 
almost  the  complete  supply  of  a particular 
item,  they  were  known  as  monopolies  or 
tmists.  Buyers  became  upset  at  the  high 
prices  charged  by  these  monopolies,  so  they 
asked  the  federal  government  to  take  part. 
The  government  then  passed  a series  of 
antitrust  laws  to  protect  the  buyer  from 
these  monopolies. 

To  further  protect  the  buyers,  the  govern- 
ment regulates  (controls)  the  prices  charged 
by  public  utilities.  A public  utility  is  the 
monopoly  of  a good  or  service  (water,  gas, 
and  electricity)  which  is  necessary  for  all 
people.  Each  utility  receives  permission  from 
the  government  to  be  the  only  seller  of  that 
good  or  service  in  an  area.  Because  they 
have  no  competition,  the  government  also 
controls  wliat  prices  can  be  charged  and 
how  much  profit  can  be  made. 

Because  people  would  not  invest  their  sav- 
ings if  they  did  not  get  some  return  from 
their  investment,  some  profit  is  necessary  for 


all  companies.  The  amount  of  profit  made  by 
a company  helps  people  decide  whether  they 
will  invest  in  it,  or  whether  its  present  stock- 
holders will  take  their  money  out.  If  a soft 
drink  company  is  making  a large,  steady 
profit,  many  people  will  invest  in  it.  If  they 
are  making  a small  profit,  or  no  profit  at  all, 
investors  will  look  for  another  company  that 
will  give  them  a larger  return  from  their 
investment. 

The  profits  of  a company  are  affected  by 
many  factors  (conditions).  Efficient  manage- 
ment may  make  decisions  which  keep  costs 


Fig.  7-9.  Millions  of  shares  of  stock  are  bought  and 
sold  through  stock  exchanges,  although 
stock  is  also  sold  through  local  dealers  in 
most  lorge  cities. 
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Increase 


Fig.  7-10.  Profits  may  be  increased  by  increosing  the 
quality  of  the  product  so  that  more  people 
will  want  to  purchase  it.  Likewise,  if  the 
company  can  decrease  the  price  of  the 
product  by  making  it  more  efficiently  and 
at  less  cost,  the  public  is  more  likely  to 
buy  it. 


low,  Fig.  7-10.  A decrease  or  increase  in  the 
price  of  raw  materials  or  in  wages  may  raise 
or  lower  costs.  A change  in  price,  supply,  or 
demand  may  also  raise  or  lower  costs.  Effec- 
tive advertising  or  an  unusual  situation  such 
as  a war  may  increase  the  consumption 
(use)  of  a manufacturer’s  product.  In  fact, 
there  are  so  many  different  factors  that 
affect  profit  that  it  is  impossible  to  list  them 
all.  Fig.  7-11.  Their  influence,  however,  is 
very  important  because  companies  constantly 
try  to  make  a profit  by  giving  the  buyer 
higher  quality  goods  and  lower  prices.  Be- 
cause companies  try  to  keep  their  efficient, 
skilled  employees  throu.gh  good  treatment, 
fair  wages,  and  fringe  benefits,  employees 
also  benefit.  Because  management  plans 
carefully  for  future  profits  in  order  to  pro- 
tect capital  investments,  investors  also  bene- 
fit. 
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Fig.  7-11.  Many  factors  effect  the  price  of  a product.  Each  of  these  factors  seen  here,  and  other 

ones  not  mentioned,  must  be  thought  of  In  planning  the  production  of  manufactured  goods. 
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Summary 

The  main  idea  of  the  free  enterprise  sys- 
tem is  economic  freedom.  Freedom  has  led  to 
the  growth  of  many  kinds  of  manufacturing 
ownership  (proprietorships,  partnerships, 
corporations).  Freedom  has  also  led  to  the 
setting  of  prices  and  profit  by  competition. 
Government  rules  guide  the  free  enterprise 
system  in  the  public  interest.  Fig.  7-12.  The 
American  public  has  benefited  because  com- 
panies try  to  work  as  efficiently  and  fairly 
as  possible  in  order  to  make  a profit. 


Fig.  7-12.  The  modern  corporation  consists  of  many 
parts.  Each  of  these  parts  is  necessary  for 
the  efficient  operation  of  the  whole.  If 
one  of  the  parts  fails  to  perform  as 
planned,  all  of  the  other  parts  are  affected. 
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Terms  to  Know 

ownership 
proprietorship 
partnership 
legal  entity 
corporation 
liable 
dissolve 
debts 
partners 
amass 

artificial  man 
charter 
stock 

stockholders 
shares 

stock  certificate 
mutual  agreements 
holding  company 
interlocking 
directorates 
merger 
consumers 
business 
combination 
horizontal 
combinations 


Think  About  It ! 

1.  How  would  your  life  change  if  the  federal 
government  removed  all  regulations  of 
public  utilities? 

2.  If  you  were  going  to  start  a company, 
would  you  prefer  it  to  be  a proprietorship, 
partnership,  or  corporation?  Why? 


vertical  combinations 
conglomerate 
combinations 
board  of  directors 
annual,  meeting 
voting  by  proxy 
dividends 
preferred  stock 
common  stock 
lender 
bond 

bondholders 

interest 

fixed  return  from 
investment 
stock  market 
profit 

competitors 
standard  price 
monopolies  (trusts) 
antitrust  laws 
regulates 
public  utility 
factors 
consumption 


60. 


and  Controls  Production 


r 


You  have  read  what  our  manufacturing 
system  is  like,  how  it  is  owned,  how  it  is  or- 
ganized to  work,  and  the  importance  of 


Fig.  8-1.  Consumers  may  be  people  who  have  special 
demands.  This  astronaut  depends  on  this  manu- 
factured product  to  keep  him  alive  in  outer 
space. 


Identifying 
Consumer  Demands 


profit.  The  system  produces  goods  or  services 
for  which  there  is  consumer  demand. 

For  the  system  to  make  a profit,  there 
must  he  output  as  well  as  input.  Output  is 
the  product  or  service  to  be  sold  by  a manu- 
facturer. Consumers  are  the  people  or  com- 
panies that  will  buy  it.  Since  there  are  many 
different  consumers  with  many  different  de- 
mands, the  manufacturer  must  decide  what 
output  he  will  offer.  Fig.  8-1.  To  do  this,  he 
must  find  out  what  the  consumer  will  buy 
and  at  what  price,  whether  there  will  be 
competition  from  other  producers,  and  what 
this  will  mean. 

In  this  reading,  you  will  learn  how  man- 
ufacturers answer  these  questions  about 
consumer  demand. 


Kinds  of  Consumers 

Since  a consumer  is  anyone  who  uses  a 
product  or  service,  all  people  are  consumers. 
Organizations  are  also  consumers.  Fig.  8-2. 
They  buy  raw  materials,  finished  products, 
and  special  services  in  their  own  line  of 
work.  Organizations  include : 

1.  manufacturers, 

2.  constructors, 

3.  retailers  and  wholesalers, 

4.  institutions  (such  as  schools  and  hos- 
pitals), and 

5.  the  government. 


Consumer  Demands 

Consumers  want  or  need  various  products 
and  services.  If  you  think  about  it,  wanting 
and  needing  are  not  the  same.  Fig.  8-3.  For 
example,  housewives  may  want  a stove  with 
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a fancy  control  panel,  an  electric  clock,  and  a 
glass  door  on  the  oven.  They  may  actually 
need  only  a plain  stove  that  cooks.  There  is  a 
demand  for  both  plain  and  fancy  stoves.  De- 
mands change.  Consumers  may  decide  that 
they  want  something  today  that  they  didn’t 
want  yesterday.  This  may  happen  because 
their  standards  of  living  change,  or  because 
a new  kind  of  product  is  made.  For  example, 
years  ago  women  were  satisfied  to  wash  the 
family  clothes  by  scrubbing  them  with  laun- 
dry soap.  When  automatic  washers  and  syn- 
thetic detergents  (man-made  soaps)  were 
introduced,  women  found  out  that  there  was 
a better  way  to  do  the  wash.  Permanent- 
press  clothing  has  been  developed  because 
women  want  to  cut  down  on  their  ironing. 
Contact  lenses  were  made  because  people 
wanted  their  eyes  to  seem  more  natural.  The 
desire  for  automobile  safety  has  led  to  in- 
terior padding,  tubeless  tires,  and  safety 
belts. 


Consumers 


Fig.  8-2.  Consumers  are  of  two  kinds:  individuals 
and  organizations. 


Fig.  8-3.  The  consumer  needs  transportation,  but  he 
wonts  cars  such  as  this  sport  coupe. 


Usually,  if  new  product  prices  are  too 
high,  most  buyers  will  wait  until  prices  go 
down.  This  is  the  case  with  color  television 
sets. 


Seven  Important  Demand  Questions 

Suppose  that  a manufacturer  can  develop 
enough  manpower,  equipment,  raw  ma- 
terials, and  know-how  to  manufacture  a new 
product.  He  needs  to  know  whether  there  is  a 
demand  for  this  product.  If  there  is,  he  needs 
to  know  what  the  demands  will  be.  To  find 
out,  the  manufacturer  .asks  these  questions : 

1.  What  is  the  potential  (possible)  mar- 
ket for  my  product?  How  many  buyers 
will  want  or  need  the  kind  of  product  I 
offer? 

2.  Who  makes  up  this  market?  Will  the 
demand  come  from  all  kinds  of  people 
and  organizations  or  from  certain 
groups? 

3.  What  is  the  trend  (direction)  in  sales 
for  this  market?  Is  the  market  growing 
from  year  to  year  ? Is  it  about  thv’  same 
from  year  to  year,  or  is  it  declining? 

4.  Will  at  least  some  buyers  prefer  my 
product  to  others  they  can  buy?  Is  the 
performance,  packaging,  and  price  of 
the  product  good  enough  to  compete 
with  other  products? 

6.  How  will  competition  affect  my  prod- 
uct? Will  competition  take  away  my 
business  or  increase  the  demand  for  my 
product? 

6.  If  there  is  competition,  how  many  sales 
can  I expect  ? If  I make  widgets,  will  I 
sell  60%  of  all  widgets  bought  or  only 
5%? 

7.  Based  on  the  share  of  market  (sales)  I 
expect,  will  the  number  of  products 
sold  be  large  enough  to  give  me  a profit  ? 
Will  probable  sales  pay  me  back  for  the 
money  I’ve  put  into  buildings  and  equip- 
ment? Will  it  also  cover  production  and 
operating  costs,  leaving  me  something 
extra  for  profit? 
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If  the  answers  to  any  of  these  questions 
are  unsatisfactory,  the  manufacturer  must 
consider  redesigning  his  product  or  changing 
his  plans  to  market  (sell)  it. 

Obtaining  Consumer  Demand 
Information 

Before  marketing  a product,  a manufac- 
turer can  research  a market  (get  facts  to 
find  out  possible  sales).  After  the  product  is 
placed  for  sale,  close  watch  can  be  kept  on 
the  market  to  see  how  much  buying  and 
selling  is  being  done.  A manufacturer  may 
consult  (check)  available  market  data  (in- 
formation already  on  hand),  or  he  may  do 
his  own  specialized  consumer  research.  In 
the  case  of  low-cost  goods  that  can  be  made 
in  large  numbers,  the  manufacturer  may 
make  a small  number  of  products  and  let 
people  actually  test  them.  For  high-cost,  long- 
lasting  goods,  he  may  use  information  al- 
ready on  hand  for  similar  goods. 

Available  market  data  are  of  two  kinds: 
(1)  surveys  made  by  government  or  by  pri- 
vate firms,  such  as  U.  S.  Census  or  magazine 
surveys  of  special  markets  (for  example, 
“What  Are  Teenagers  Buying  Today?”),  or 
published  studies  of  sales;  and  (2)  market 
performance  data  (sales  information) 
usually  bought  from  research  firms.  For  in- 
stance, the  A.  C.  Nielsen  Co.  reports  the 
monthly  or  bimonthly  sales  figures  on  lead- 
ing brands  of  products  for  all  areas  of  the 
country.  After  sales  have  started,  a manu- 
facturer can  check  his  own  sales  and  ship- 
ment figures. 

Specialized  consumer  research  includes 
these  studies: 

1.  Usage  and  attitude  research — asking 
questions  through  interviews  and  ques- 
tionnaires about  consumer  buying  hab- 
its, buyers’  attitudes  toward  current 
products,  and  their  desires  for  product 
improvements ; 

2.  Product  research — gathering  consumer 
opinions  on  product  performance,  pack- 
age designs,  brand  names,  and  product 
appearance,  Fig.  8-4;  and 


3.  Advertising  and  promotion  research — 
checking  how  many  consumers  are 
likely  to  remember  a television  commer- 
cial or  an  advertising  slogan,  or  to  be 
attracted  to  a store  display. 

Studies  can  be  made  to  find  out  consumer 
response  to  everything  from  a price  change 
to  a coupon  mailing.  Usually,  the  producer 
can  do  research  in  his  own  market  research 
department,  or  have  it  done  by  an  advertis- 
ing agency  or  private  market  research  firm. 


Marketing  the  Product 

When  a producer  knows  he  can  make  a 
product  and  that  there  is  a demand  for  it,  he 
draws  up  a marketing  plan  that  shows  how 
the  product  will  be  sold.  The  plan  uses  the  in- 
formation and  strategy  (plan  of  action)  for 
sales,  promotion,  and  advertising.  The  plan 
shows : 


Fig.  8-4.  This  market  research  interviewer  is  asking 
questions  to  find  out  consumer  opinions  and 
attitudes  toward  products  and  advertising. 
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1.  Purpose  or  purposes  for  which  the 
product  is  to  be  sold. 

2.  Sources  from  which  sales  are  expected. 

3.  Kinds  of  people  who  will  buy  the  prod- 
uct. 

4.  How  they  buy  and  how  often. 

5.  Price  and  value  information. 

6.  Product  performance  (how  well  it 
works)  and  advantages  to  be  pointed 
out  in  advertising. 

7.  Kind  of  advertising  (newspapers,  radio, 
TV). 

8.  Ways  of  distribution  (ways  of  getting 
the  product  to  the  buyer) . 

Distribution  can  be  through  a wholesaler  or 
a retailer,  or  the  product  can  be  sold  directly 
to  the  customer.  Fig.  8-5.  For  production 
purposes,  the  manufacturer  will  also  make  a 
sales  forecast  (estimating  sales  from  month 
to  month  and  area  to  area). 

When  a product  is  being  sold,  the  producer 
must  decide  how  to  make  his  product  more 
acceptable  to  consumers.  This  can  be  dohe  by 
improving  the  product,  lowering  the  cost, 
and  providing  better  service.  The  producer 
who  does  not  do  these  things  will  find  his 
sales  falling  as  competitors  improve  their 
products. 


Product 


Consumer 


Fig.  8-5.  A marketing  plan  shows  how  the  product 
will  be  sold.  The  ways  of  distribution  may  be 
different  for  different  products. 


A lot  of  time  can  pass  between  finding  out 
buyers’  wants  and  marketing  the  product. 
Sometimes  ten  years  or  more  may  pass.  In 
other  cases,  products  are  put  on  the  market 
in  just  a few  months. 


Summary 

We  have  seen  that  consumers  are  people 
or  companies  that  use  products  and  services. 
Consumer  demand  is  based  on  the  needs  and 
wants  of  a consumer  group.  Fig.  8-6.  As  liv- 
ing standards  change  or  as  new  products  are 
made,  wants  and  needs  also  change.  Before 
a producer  decides  to  make  a product,  he 
must  make  sure  that  there  is  a demand  for 
it.  He  must  find  out  the  probable  size  and 
the  condition  of  his  market.  He  must  figure 
out  how  many  buyers  will  want  his  product. 
He  must  decide  if  the  likely  number  of  sales 
will  give  him  a profit  after  costs  are  paid.  To 
answer  these  questions,  the  producer  can  use 
market  information  on  hand  or  he  can  do  his 
own  research.  When  he  thinks  his  product 
can  be  sold  for  a profit,  he  makes  up  a mar- 
keting plan  showing  the  information  and 
strategy  needed  to  sell  his  product. 


Fig.  8-6.  Consumer  demands  vary  according  to  the  use 
to  which  the  product  will  be  put.  For  example, 
individuals  may  want  aircraft  for  private  use. 
Airlines  use  aircraft  to  carry  passengers.  The 
military Ajse  aircraft  to  defend  the  nation. 
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Terms  to  Know 

output 

input 

consumers 

consumer  demand 

organizations 

manufacturers 

constructors 

retailers 

wholesalers 

institutions 

government 

potential 

trend 

competition 
share  of  market 
market  (sell) 
research  a market 
consult 

available  market 
data 


Think  About  It ! 


specialized  consumer 
research 
surveys 

market  performance 
data 

usage  and  attitude 
research 

product  research- 
advertising  and 
promotion  research 
marketing  plan 
strategy 

product  performance 

distribution 

sales  forecast 


Consumer 

-Individuals 

-Organizations 


Researching  by 

-Retrieving 

-Describing 

about 

“Market  potential 

-Population  group 

-Trends 

-Preference 

-Competition 

-Volume 


1.  If  you  (or  any  member  of  your  family) 
found  a product  that  you  really  did  not 
like,  how  would  you  go  about  informing 
the  manufacturer  of  your  dislike? 

2.  Ask  your  parents  if  they  have  ever  been 
questioned  in  a consumer  survey.  If  they 
have,  was  it  by  interview  or  by  question- 
naire? At  home  or  in  a store? 


_1 

Marketing  plan 


-Wholesaler 

-Retailer 

-Consumer 
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Researching 
and  Developing 


This  reading  tells  you  about  two  of  the 
most  important  activities  in  the  manufac- 
turing industry.  These  activities  are  re- 
search and  develo,pment.  For  short,  they  are 
often  referred  to  as  R&D.  You  will  learn 
about  where  and  how  they  are  done  and 
about  the  interests  and  abilities  of  the  peo- 
ple who  do  them. 

Research  (seeking  more  knowledge)  and 
development  (putting  the  new  knowledge  to 
work)  are  usually  done  for  one  or  more  of 
three  reasons.  These  are : 

1.  To  satisfy  man’s  wish  to  understand 
his  physical  surroundings, 

2.  To  add  to  the  knowledge  needed  to 
solve  problems  important  to  man’s 
health  and  safety,  and 

3.  To  invent  processes  or  products  to 
satisfy  man’s  wants  and  needs. 


Kinds  of  Research  and  Development 


Research  and  development  may  be  broken 
down  into  many  different  activities.  They 
are  easily  thought  of,  however,  as  being 
made  up  of  basic  research,  applied  research, 
and  development. 

Research  is  the  process  of  retrieving  ( col- 
lecting), describing,  and  experimenting  in 
order  to  develop  or  discover  new  knowledge. 
When  it  is  done  mainly  in  order  to  add  to 
man’s  knowledge,  it  is  called  basic  research. 
Fig.  9-1.  Basic  research,  then,  is  not  usually 
concerned  with  whether  the  new  knowledge 
will  or  can  be  put  to  any  use,  now  or  later. 
Basic  research  is  sometimes  called  pure 
research.  For  example,  you  would  be  doing 
basic  research  if  you  were  looking  for  the 
main  causes  of  friction  when  one  solid  body 
is  slid  along  another.  The  research  would 
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Research  and  Development  Defined 

Research  and  development  in  manufactur- 
ing produce  new  knowledge  and  new  (or 
improved)  processes  or  products  for  the 
manufacturers.  However,  this  new  informa- 
tion is  seldom  really  new.  It  may  have  been 
thought  of  or  tried  out  many  years  ago.  At 
that  time,  men  may  not  have  had  enough 
other  knowledge,  processes,  or  products  to 
develop  and  use  this  new  information.  Ad- 
vances (progress)  made  by  research  and 
development  always  depend  on  earlier  at- 
tempts to  solve  the  problems  of  manufac- 
turers. 

In  manufacturing,  research  and  develop- 
ment go  on  all  the  time.  They  are  a part 
of  every  step  of  manufacturing — those 
steps  you  have  already  read  about  and 
those  you  will  study  later. 


Fig.  9-1.  Pure  (basic)  researcli  is  carried  on  in  search 
of  new  knowledge. 
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be  basic  so  long  as  you  did  this  mainly  in 
order  to  understand  the  causes  of  friction. 
If  you  did  it  mainly  in  order  to  learn  how 
to  improve  sliding  bearings  in  machines,  you 
would  be  doing  applied  research.  Applied 
research  is  research  done  mainly  to  produce 


Fig.  9-2.  Researching  and  developing  is  a nearly  end- 
less process  for  improving  producfs. 


Fig.  9-3,  Development  testing  of  a polyethylene  film 
may  be  carried  out  by  using  a sandbag 
drop  test. 


knowledge  which  can  be  put  to  work,  Fig. 
9-2. 

Development  is  the  ivork  of  designing  and 
engineenng  new  or  improved  processes  or 
products  by  using  research  findings  and 
other  knowledge,  Fig.  9-3.  An  example  of 
development  would  be  using  the  findings 
from  your  basic  or  applied  research  to  make 
a very  low-friction  sliding  bearing  for  use 
in  a machine.  You  would  first  become  famil- 
iar with  existing  kinds  of  bearintfs  and  the 
results  of  other  research  on  friction.  Next, 
you  would  do  some  serious  thinking  about 
how  all  this  knowledge  could  be  used  to 
make  a better  bearing.  With  these  ideas 
you  could  build  an  experimental  bearing  of 
the  kind  you  had  imagined.  You  would  test 


Fig.  9-4.  Research  data  must  be  gotten  carefully  to 
insure  accuracy.  This  experimenter  is  simu- 
lating a space  atmosphere  in  a bell  jar. 
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it  by  comparing  it  to  the  best  existing  kind 
of  bearing.  In  this  way  you  would  find  out 
if  it  was  better  than,  or  as  good  as,  the 
existing  bearing.  If  it  is  not,  you  would 
repeat  these  processes  again  and  again, 
benefiting  by  the  knowledge  gained  from 
your  failures,  until  you  did  arrive  at  a bet- 
ter bearing.  Or,  you  might  finally  learn  that 
you  need  more  new  knowledge  about  friction 
to  solve  the  problem.  Then  you  would  return 
to  more  researching.  After  gaining  new 
knowledge,  you  would  return  to  more  devel- 
opment. 

Importance  of  Research  and 
Development 

Research  and  development  are  the  most 
important  sources  of  industry’s  new  knowl- 
edge, processes,  and  products.  They  are  key 
parts  in  keeping  industry  going  and  grow- 
ing, Fig.  9-4.  They  have  given  us  almost  all 
of  the  new  products,  processes,  and  ma- 
terials which  did  not  exist  when  your  par- 
ents were  born.  The  importance  of  research 
and  development  becomes  clearer  each  year. 
In  the  United  States  during  1970,  about 
$20  billion  was  spent  for  research  and 
development.  This  accounted  for  over  2 
percent  of  the  gross  national  product. 
Research  and  development  have  really  grown 
since  1951  when  less  than  $3  billion  was 
spent.  Over  this  same  period  of  time,  national 
defense  is  the  only  other  part  of  the  econ- 
omy that  has  grown  as  rapidly. 


People  and  Organizations  in 
Research  and  Development 

The  research  and  development  activities 
important  to  industry  are  carried  on  by 
many  people  and  organizations.  In  industry, 
almost  one  million  people  directly  carry  out 
research.  Many  private  and  public  research 
and  development  firms  also  serve  industry 
either  directly  or  indirectly. 

Private  or  university-linked  research 
firms  do  research  and  development  work  on 


a contract  (agreement)  basis  for  industry. 
In  some  branches  of  industry,  companies 
join  together  to  do  research  on  common 
problems.  Fig.  9-5.  Universities  across  the 
nation  have  been  a major  source  of  research 
and  development  for  industry.  Universities, 
for  example,  have  been  leaders  in  such 
R&D  areas  as  nuclear  fission,  atomic  struc- 
ture, and  high-speed  computers. 


Fig.  9-5.  Research  knowledge  may  be  goUen  from 
development  testing.  This  work  shoe  is  tested 
for  water  resistance. 


Fig.  9-6.  Experimenting  with  very  low  temperatures, 
man  has  found  metals  can  be  tested  at  lower 
than  -400°F. 
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Many  government  agencies  sponsor  (sup- 
port with  money)  research  and  develop- 
ment. The  Atomic  Energy  Commission,  the 
National  Aeronautics  and  Space  Adminis- 
tration (NASA),  and  the  Department  of  De- 
fense are  examples  of  such  agencies.  They 
also  carry  out  research  and  development  on 
their  own.  The  results  of  these  R&D  activi- 
ties are  often  useful  to  industry. 

Foundations  encourage  and  support  re- 
search. These  are  trusts  and  great  funds 
created  by  public-spirited  men  and  women 
or  the  U.  S.  government.  They  do  not  carry 
on  research  themselves,  but  instead  support 
it  with  money.  Most  foundations  support 
basic  research.  Fig.  9-6. 

The  people  who  carry  out  research  and 
development  need  to  have  a broad  knowl- 
edge of  science  and  technology.  They  also 
need  to  be  able  to  adapt  (adjust)  to  change. 
Usually  they  should  have  formal  training  or 
education  in  science,  technology,  and  math- 
ematics. They  should  also  have  a high  de- 
gree of  curiosity,  readiness  to  work,  leader- 
ship, and  ability  to  express  themselves.  Job 
opportunities  in  the  field  far  outnumber  the 
supply  of  trained  people. 


Doing  Research  and  Development 

The  main  kinds  of  research  are  retriev- 
ing, describing,  and  experimenting.  In  each 
case,  the  researcher  tries  to  solve  a problem. 

In  retrieving,  the  researcher  collects  in- 
formation related  to  the  new  knowledge 
needed.  Information  is  found  in  books  or 
journals,  research  reports,  and  other  litera- 
ture and  objects  found  in  libraries  or  re- 
search laboratories.  Fig.  9-7.  Retrieving 
helps  the  researcher  answer  the  question, 
“What  is  already  known  about  the  problem?” 

Describing  helps  the  researcher  to  an- 
swer the  question,  “What  is?”  Describing 
provides  knowledge  of  the  nature  or  fea- 
tures (characteristics)  of  materials,  proc- 
esses, or  products.  Fig.  9-8.  In  the  last 
reading,  you  learned  about  market  research. 
When  the  researcher  asks  the  consumer 


questions,  he  is  trying  to  describe  what 
products  people  want  and  need.  Research  on 
strengths  or  hardnesses  of  new  materials  is 
another  kind  of  describing. 


Fig.  9-7.  Knowledge  is  retrieved  from  many  sources. 
This  researcher  is  preparing  to  read  microfilm. 


Fig.  9-8.  The  man  at  the  control  panel  is  describing  the 
characteristics  of  the  natural  gas  being  tested. 


^ A 


Researching  and  Developing 


57 


Experimenting  answers  the  question, 
"What  will  happen  if  I change  some  factors 
and  do  not  change  other  factors?”  Experi- 
ments are  very  common  in  research.  Sup- 
pose that  you  are  the  manufacturer  of  a 
floor  wax.  You  want  to  find  how  it  will  wear, 
coat,  and  protect  a certain  kind  of  floor.  You 
set  up  an  experiment  by  subjecting  the  wax 
to  different  kinds  of  wear.  You  may  even 
wish  to  compare  your  wax  with  that  of  a 
competitor.  You  might  simulate  (imitate) 
wet  or  dusty  conditions  to  see  which  wax 
will  perform  better. 

In  all  research,  you  develop  hypotheses 
(hunches)  about  the  possible  answers.  Then 
you  collect  data  (evidence)  and  compare  the 
evidence  with  your  hypotheses.  Then  you 
draw  conclusions.  This  provides  new  knowl- 
edge. If  you  have  not  found  the  answers  you 
need,  you  develop  new  hypotheses  and  re- 
peat the  process.  This  process  goes  on  as 
many  times  as  are  needed  to  solve  your  re- 
search problem. 

In  development,  the  steps  are  about  the 
same.  But  what  is  now  desired  is  a new  or 
improved  process  or  product  to  meet  par- 
ticular needs.  First,  you  gather  and  study 
information  related  to  the  new  process  or 
product  from  many  sources,  especially  the 
results  of  other  research.  Then,  you  develop 
hypotheses  about  the  features  the  new 
process  or  product  should  have  to  meet  the 
particular  needs.  The  next  step  is  to  make 
sketches  and  drawings.  A prototype  (work- 
ing model)  of  the  desired  new  or  improved 
process  or  product  is  usually  built.  Finally, 
you  test  the  model  to  find  out  whether  it 
actually  meets  the  needs.  If  so,  the  research 
and  development  job  is  done,  and  the  proc- 
ess or  product  can  be  made  ready  for  pro- 
duction. If  not,  the  knowledge  gained  from 
the  developmental  prototype  is  added  to 
your  previous  store  of  knowledge,  and  you 
repeat  the  process. 


Summary 

Research  and  development  work  in  manu- 
facturing produces  new  knowledge  and  new 


or  improved  processes  or  products  for  the 
manufacturing  industry.  They  are  processes 
which  go  on  all  the  time. 

The  research  and  development  activities 
important  to  industry  are  carried  on  by 
many  people  and  organizations.  These  in- 
clude industry’s  own  research  people,  pri- 
vate research  firms,  universities,  govern- 
ment agencies,  and  foundations.  People  who 
work  in  research  and  development  need  a 
broad  knowledge  of  science,  technology,  and 
mathematics.  They  should  have  a high  de- 
gree of  curiosity,  readiness  to  work,  leader- 
ship, and  ability  to  express  themselves. 

Research  is  the  process  of  retrieving,  de- 
scribing, and  experimenting  in  order  to  de- 
velop or  discover  new  knowledge.  It  may  be 
called  either  basic  research  or  applied  re- 
search, depending  on  its  aims.  Development 
is  the  process  of  designing  and  engineering 
new  or  improved  processes  or  products  by 
using  findings  from  research  and  other 
knowledge. 


Researching  and  Developing 


1 1 

Retrieving 
(what  was) 

Describing 
(what  is) 

Experimenting 
(what  will  be) 
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New  knowledge 
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The  first  step  in  carrying  out  research 
and  development  on  a problem  is  to  collect 
and  study  the  existing  information  about 
the  problem.  Hypotheses  about  possible  so- 
lutions to  the  problem  are  then  developed. 
These  are  tested  in  many  ways.  If  the  re- 
sults confirm  (agree  with)  the  hypotheses, 
the  problem  is  solved.  If  not,  the  process  is 
repeated  until  a solution  is  found. 


Think  About  It ! 

1.  What  kinds  of  R&D  work  would  go  on 
in  the  major  automobile  manufacturing 
companies? 

2.  R&D  work  is  expensive  and  does  not  al- 
ways result  in  usable  knowledge  or  prod- 
ucts. In  what  ways  have  its  results  more 
than  paid  for  its  costs? 


Terms  to  Know 

researching 

a.  retrieving 

b.  describing 

c.  experimenting 
developing 

a.  designing 

b.  engineering 
basic  (pure)  research 


contract  basis 

sponsor 

foundations 

trusts 

adapt 

features 

simulate 

hypotheses 


applied  research 
experimental 
private  research  and 
development  firms 
university-linked  research 
and  development  firms 
public  research  and 
development  firms 


data 

conclusions 

sketches 

drawings 

prototype 

confirm 
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Designing 

Manufactured  Goods 


In  manufacturing,  designing  means  to 
create  plans  for  products  and  systems  so 
that  they  will  be  attractive  and  will  perform 
(do)  well  the  tasks  they  are  supposed  to 
do.  Designers  want  to  create  products  and 
systems  which  will  be  accepted  by  customers, 
Fig.  10-1.  They  try  to  create  products  which 
will  give  real  service. 

All  manufactured  products  are  designed 
before  they  are  produced.  Some  products  are 
designed  by  the  owner  of  a small  shop.  Other 
products  are  designed  by  workers  in  the 
shop,  by  draftsmen,  or  by  engineers. 

Today,  design  is  done  more  often  by  spe- 
cialists trained  in  product  design  principles 
(rules).  No  matter  who  does  the  designing, 
the  same  steps  are  followed.  In  this  reading, 
we  will  look  at  product  designing  as  it  is 
done  by  product  design  specialists  in  manu- 
facturing. 
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Fig.  10-1.  Monagement  must  make  sure  of  enough  sales 

before  asking  for  new  designs. 


Industrial  Design 

After  management  has  decided  that  a cer- 
tain product  is  to  be  made,  two  groups  of 
people  are  most  important  in  the  early 
phases  (steps)  of  its  development.  These 
groups  are : 

1.  Product  designers  (industrial  design- 
ers), and 

2.  Product  engineers  and  manufacturing 
engineers. 

Industrial  designing  is  product  designing 
for  industry.  Product  designing  deals  with 
appearance  and  function.  Appearance  is 
more  than  how  pleasing  the  product  looks. 
It  is  what  the  customer  will  buy  and  how 
well  it  suits  the  product  function.  Function 
means  how  well  the  product  does  what  it  is 
supposed  to  do. 

The  designer  must  think  about  safety,  ease 
of  maintenance  (upkeep),  ease  of  use, 
ability  to  be  produced,  and  cost.  When  he  de- 
signs industrial  equipment,  he  must  think 
carefully  about  its  safety  and  ease  of  main- 
tenance. But  he  still  wants  the  product  to 
look  as  if  it  will  do  the  job  it  is  supposed  to 
do  and  to  be  pleasing  to  look  at.  Fig.  10-2. 
When  the  designer  designs  a consumer  prod- 
uct such  as  a lighting  fixture,  its  pleasing 
appearance  must  be  thought  about  as  well  as 
its  safety.  This  does  not  mean  that  lighting 
efficiency  will  be  given  up.  It  means  that  in 
making  design  decisions,  appearance  is 
thought  to  be  just  as  important  as  efficiency. 

All  products  require  product  design. 
Whether  the  design  is  good  or  bad,  it  comes 
about  through  the  efforts  of  one  or  more  peo- 
ple. Some  products  do  not  give  the  designer 
much  chance  for  visual  design,  Fig.  10-3. 
Gasoline  is  an  example.  If,  however,  we 
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think  of  the  many  product  designs  necessary 
for  its  sale  (like  signs,  service  stations,  and 
pumps),  we  see  that  gasoline  does  need 
product  design.  All  the  major  oil  companies 
employ  industrial  designers  to  desigpi  their 
stations,  equipment,  and  product  packaging. 
Fig.  10-4.  Designers  have  even  designed 
cookie  shapes  for  bakeries. 

In  the  case  of  custom-made  (made  to 
order)  products,  the  designer  is  also  needed. 
A good  example  is  the  designing  of  airplane 
' interiors.  Many  companies  that  own  their 

own  airplanes  have  the  interiors  custom- 
made.  Again,  all  'products  must  be  designed. 
When  trained  specialists  do  the  designing, 

! all  parts  of  the  design  are  sure  to  be  thought 

j about. 

i 

! Consultant  and  Corporate  Designers 

; 

j Product  designers  (industrial  designers) 

are  of  two  kinds:  (1)  coi’porate  designers, 
and  (2)  consultant  designers.  Both  have  the 
i same  educational  and  professional  back- 

; grounds.  Designers  often  change  from  one 

f 


I Fig.  10-2.  Buyers  may  have  personal  preferences  and 

f must  be  given  a choice.  Appearance  may 

i be  very  important. 
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group  to  the  other.  The  corporate  designer 
works  for  the  company  for  which  he  designs. 
The  consultant  designer  works  in  an  office 
that  provides  product  design  for  many 


Fig.  10-3.  Some  designs  are  hidden  in  the  product. 
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clients  (customers).  Corporate  designers 
often  hire  consultant  designers,  either  to 
give  them  new  ideas  or  to  help  them  out 
when  there  is  too  much  work  to  do. 

Consultant  design  offices  give  the  designers 
many  kinds  of  products  to  work  on.  Corpo- 
rate designing  does  not  have  this  variety, 
but  it  does  give  the  designer  more  complete 


Fig.  10-5.  Many  kinds  and  sizes  of  parts  are  needed 
for  the  exact  job  to  be  done  by  capacitors. 


Fig.  10-6.  Styling  may  be  the  most  important  part  of 
designing. 


control  of  design  details  since  he  can  work 
with  his  design  from  the  idea  to  its  produc- 
tion, Fig.  10-5. 

Today,  more  and  more  corporate  designers 
are  being  hired  because  product  design  is 
necessary  to  the  success  of  any  product.  Fig. 
10-6.  Within  a corporation,  design  is  a part 
of  the  planning  function  of  management. 
Many  large  companies  have  designing  direc- 
tors on  their  staff.  These  designers  are  a 
part  of  the  top  decision-making  team.  Usu- 
ally, if  a company  needs  industrial  design 
all  the  time,  it  saves  money  by  having  its 
own  corporate  designing  office.  If  there  is  no 
need  for  design  work  all  the  time,  the  com- 
pany saves  more  money  by  using  a consult- 
ing office. 

Product  Designing  Procedures 

All  product  designing  follows  a similar 
pattern.  A design  usually  starts  with  a new 
idea.  One  of  the  jobs  of  product  designers  is 
to  create  new  ideas  {concepts).  Concepts  are 
thought  of  in  many  ways — sometimes  from 
inventions,  sometimes  by  accident.  It  is  the 
designer’s  mind,  however,  that  sees  the  pos- 
sibilities of  a concept  (idea). 

Research  by  a designer  can  bring  out  a 
new  concept.  For  example,  if  a designer  de- 
cides to  look  for  ways  to  satisfy  personal 
care  needs,  he  might  come  up  with  an  elec- 
tric toothbrush,  a hair  dryer,  or  an  electric 
clothes  brush.  Once  the  idea  of  the  product  is 
fi.xed  in  his  mind,  the  designer  can  start 
thinking  about  ways  to  solve  his  problem. 
First,  he  does  research.  This  means  finding 
all  the  information  he  can  about  what  the 
product  should  do.  This  could  include  sur- 
veys, personal  experience,  and  talking  to 
people  who  might  have  knowledge  about  the 
product.  If  the  designer  is  designing  an  elec- 
tric toothbrush,  he  will  talk  to  dentists. 

As  soon  as  the  designer  feels  that  he  has 
enough  knowledge  and  information  about 
the  product,  he  will  start  sketching  his  ideas 
on  paper,  Fig.  10-7.  These  sketches  are  used 
mainly  by  the  designer  to  help  him  formu- 
late (express)  his  thinking.  It  is  also  easier 
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to  discuss  details  with  others  if  you  have  a 
sketch  to  help  explain  your  ideas. 

The  desig^ner  next  makes  a rough  card- 
board or  clay  model  of  the  product.  This 
helps  him  with  the  functional  part  of  the 
design  (how  useful  it  will  be) . For  example, 
if  he  is  designing  an  iron  he  wants  to  try 
different  handle  shapes  to  see  which  is  the 
most  comfortable.  If  he  is  designing  the 
operator’s  station  of  a power  shovel  he  wants 
to  make  sure  the  seat  and  controls  are  in  the 
best  place  for  smooth  and  easy  operation. 

Once  the  basic  form  and  dimensions  (sizes) 
are  decided  on,  the  designer  continues  to 
sketch  as  he  works  out  new  refinements 
(improvements)  and  additions.  Throughout 


Fig.  10-7.  The  designer  starts  with  sketches. 


Fig.  10-8.  Designers  consult  with  engineers  and  pro- 
duction personnel.  Future  problems  may  be 
avoided  by  design  conferences. 


this  process  the  designer  is  solving  prob- 
lems of  making  the  product  easy  to  use,  easy 
to  manufacture,  and  inexpensive  to  make. 
The  product  should  also  have  a pleasing  ap- 
pearance. The  designer  makes  sure  his  ac- 
tivities and  decisions  fit  those  of  the  manu- 
facturing engineering  department.  Fig.  10-8. 
ProduciUlitv  (ability  to  be  produced)  is  im- 
portant in  any  design  problem. 

When  the  design  solution  is  complete,  the 
designer  makes  a careful  sketch  of  the  prod- 
uct. This  is  called  a rendering  (an  exact 
picture  of  the  design  solution) . This  render- 
ing may  then  be  used  in  a presentation  to 
top  management.  Most  designers,  however, 
prefer  to  use  models  for  presentations  be- 
cause some  people  have  trouble  seeing  the 
product  in  their  minds  from  a rendering. 
Fig.  10-9. 

The  designer  himself  usually  does  not 
make  the  three-dimensional  models.  He 
makes  drawings  from  which  trained  spe- 
cialists build  the  models.  These  same  draw- 
ings are  given  to  the  engineers  who  then 
use  them  as  guides  in  making  the  produc- 
tion drawings. 

After  the  models  are  made  and  the  design 
solution  is  accepted,  the  designer’s  job  is  not 
over.  He  works  with  engineering  and  produc- 
tion people  to  make  sure  the  changes  needed 


Fig.  10-9.  After  sketches  and  preliminary  drawings  have 
been  made,  a three-dimensional  model  of  a 
handle  for  silverware  is  made  for  presenta- 
tion to  management. 
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in  order  to  make  the  product  do  not  change 
his  basic  design  concept,  Fig.  10-10. 

Summary 

All  products  must  be  designed.  Product 
designers  and  engineers  bring  a design 
through  the  development  process.  A prod- 
uct designer  (industrial  designer)  is  a 
trained  specialist.  His  talent,  training,  and 
experience  should  result  in  good  solutions  to 
design  problems.  There  are  two  kinds  of 
product  designers:  those  who  work  for  a 
company  and  those  who  work  in  a consulting 
office.  Today,  greater  numbers  of  corporate 
designers  are  being  hired  but  both  groups 
do  the  same  kind  of  work.  The  designer  fol- 
lows three  steps  to  reach  a design  solution. 
First,  he  does  research  to  become  familiar 
with  the  design  problem.  Then,  he  starts  the 
design  with  sketches  and  rough  models. 
Finally,  a finished  model  of  his  design  is 
made  and  presented  to  top  management  for 
their  decisions. 


Terms  to  Know 


designing 
perform 
principles 
product  design 
specialists 
phases 

product  designers 

(industrial  designers)functional 
product  engineers  basic  form 
manufacturing 


corporate 

designers 

consultant 

designers 

clients 

concepts 

formulate 


engineers 
appearance 
function 
maintenance 
visual  design 
custom-made 


Think  About  It! 


dimensions 

refinements 

producibility 

rendering 

presentation 

three-dimensional 

models 

production  drawings 


1.  When  you  look  at  the  latest  model  bicycles, 
which  is  more  important  to  you — appear- 
ance or  function?  Why? 


Fig.  10-10.  The  designer  must  continue  to  work  with 
engineering  and  production  personnel 
through  final  assembly. 


Figure  10-4  points  out  that  buyers  often 
see  only  the  package,  not  the  product. 
What  products  do  you  (or  your  family) 
buy  even  though  you  can  see  only  the 
package? 


- Designing  manufactured  goods 


- Creating  alternate  design  solutions 


Making  three-dimensional  models 


Refining  the  design  solution 


Obtaining  approval  of  management 
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which  leads  to 
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Creating  Alternate 
Design  Solutions 

You  have  read  about  product  designing 
and  the  work  of  the  product  (industrial)  de- 
signer. Now  you  will  learn  in  more  detail 
about  the  methods  used  to  come  up  with  a 
final  design  solution.  Once  the  product  con- 
cept (idea)  has  been  decided  on,  the  designer 
takes  two  steps  in  design  development: 
(1)  sketching,  and  (2)  model  making.  He 
has  developed  some  tools  to  help  him  in  each 
step. 


Making  Sketches 

Sketches  are  one  of  the  tools  of  product 
design.  By  making  sketches  the  designers 
can  study  different  ways  to  come  up  with  a 


Fig.  11-1.  Rough  sketches  are  made  by  a designer  to 
show  many  ideas. 


design  solution.  Sketches  are  cheap  to  make 
and  can  be  done  quickly. 

Several  kinds  of  sketches  are  often  used. 
One  is  called  a thumbnail.  This  is  usually  a 
small  quick  sketch,  almost  a doodle,  that  the 
designer  uses  to  start  his  thinking.  He  does 
not  show  it  to  anyone  except  perhaps  another 
designer.  It  is  usually  too  incomplete  for  the 
average  person  to  understand.  Another  kind 
of  sketch  is  called  a rough.  This  is  a rough 
representation  (picture)  of  the  design,  Fig. 
11-1.  It  is  done  rather  quickly  and  may  have 
suggestions  about  color  and  material.  The 
designer  may  make  a large  number  of 
roughs.  He  will  try  out  many  possible  shapes 
as  well  as  different  ways  to  fabricate  (put 
together)  and  use  materials.  Fig.  11-2.  Here 
again  the  designer  will  not  wish  to  show 
these  roughs  to  someone  who  is  not  a de- 
signer. 


Fig.  11-2.  Sketching  and  modelmaking  show  difTerenI 
ways  a product  can  be  designed. 
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When  he  feels  that  enough  ways  have  been 
tried  out,  the  designer  will  pick  (from  his 
roughs)  those  designs  he  thinks  can  be  used. 
He  will  make  these  alternate  (possible)  de- 
sign solutions  into  sketches  that  people  who 
are  not  designers  can  understand.  These 
sketches  can  be  used  for  preliminary  (be- 
ginning) explanations  of  the  product  con- 
cept to  top  management  and  to  engineering. 
The  designer  will  also  be  ready  to  explain 
the  merits  (advantages)  of  each  of  these 
alternate  designs.  Now  it  is  possible  to  think 
about  producibility  (the  ability  to  produce 
the  design),  tooling  (making  machines  ready 
for  production),  and  piece-cost  estimates 
(predictions  of  how  much  each  piece  will 
cost) . As  this  information  grows,  the  design- 
er changes  his  thinking  according  to  what  he 
finds  out  from  others.  The  design,  of  course, 
can  still  be  changed,  but  now  other  people 
have  a design  to  think  about  and  work  on. 

There  are  many  ways  of  sketching  that 
the  designer  can  use.  Colored  pencil,  pastels, 
and  felt-tip  pens  are  widely  used.  Some  de- 
signers use  all  three  of  these,  as  well  as 
watercolor,  in  a single  sketch.  Most  design 
offices  do  not  ask  for  very  detailed  sketches. 
What  they  want  is  a quick  sketch  that  tells 
the  story  simply.  When  final  presentation 
(explanation)  is  made,  a very  careful  sketch 
is  made.  This  kind  of  sketch  is  called  a rend- 
ering, Fig.  11-3.  Renderings  were  once 
widely  used.  In  many  design  offices,  a ren- 


into  sketches  that  people  who  are  not 
designers  can  understand.  These  are  called 
renderings. 


dering  specialist  did  all  the  renderings  for 
that  office.  Most  designers  now  feel  that 
sketches  give  an  incomplete  picture  of  the 
design  solution,  so  the  designer  must  get  the 
design  into  three-dimensional  form  as  quick- 
ly as  possible. 

Making  Models  and  Mock-Ups 

The  three-dimensional  mock-up,  which 
costs  more  than  sketches,  is  an  important 
stage  in  the  development  of  the  design  solu- 
tion, Fig.  11-4.  There  are  three  general  kinds 
of  mock-ups. 

The  first  is  the  paste-up.  This  is  a very 
rough  mock-up  using  any  material  that  is 
suitable.  CardWrd  is  very  good.  The  paste- 
up gives  the  designer  something  to  work  with 
and  a better  idea  about  the  design  solution. 
The  paste-up  is  seldom  shown  to  people  who 
are  not  designers. 

The  next  kind  of  mock-up  is  the  appear- 
ance mock-up.  This  shows  what  the  product 
will  look  like.  It  too  is  made  out  of  any  suit- 
able materials,  usually  wood  and  cardboard. 
In  most  cases  no  parts  function  (work).  For 
example,  if  it  is  a sewing  machine,  none  of 
the  knobs  or  levers  will  work  although  they 
look  as  if  they  would.  At  this  stage,  it  is  pos- 
sible to  show  design  variations  (differences 
in  small  details).  If  a line  of  products  ranges 
from  inexpensive  to  deluxe  models,  the  dif- 


Fig.  11-4.  Three-dimensional  mock-ups  are  often  made 
from  renderings. 
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ferent  modifications  (changes)  can  be  shown 
as  appearance  mock-ups. 

The  appearance  mock-up  shows,  for  the 
first  time,  a picture  of  the  design  solution 
that  is  easy  to  understand  and  correct.  Some- 
one who  cannot  easily  imagine  what  some- 
thing looks  like  from  drawings  will  have  no 
trouble  understanding  a mock-up  of  this 
kind. 

The  appearance  mock-up,  however,  only 
looks  like  the  product.  Even  though  it  shows 
the  appearance  in  a fairly  accurate  (cor- 
rect) way,  it  cannot  be  handled  and  used. 
The  weight  is  not  the  true  weight  of  the 
product.  Some  of  the  parts  do  not  show  the 
actual  finishes.  For  example,  chrome  plating 
may  be  shown  by  silver  paper. 

■\^en  the  appearance  mock-up  has  served 
its  purpose,  a longer  lasting  and  more  exact 
mock-up  is  needed.  This  is  called  a hard 
mock-up.  It  is  made  of  metal  and  wood. 
Many  of  the  parts  will  work  as  they  would 
on  the  final  production  model.  For  example, 
handles,  doors,  and  lights  work,  and  control 
knobs  turn.  But  the  mechanical  parts  that 
make  the  product  work  are  not  included. 
Thus,  a refrigerator  mock-up  would  not  have 
a cooling  system.  The  hard  mock-up  is  used 
for  final  explanations,  consumer  surveys, 
photography  for  advertising,  market  expla- 
nations, engineering  studies,  producibility 
studies,  and  further  design  improvement. 


groups  to  help  him  fonmdate  (decide  on) 
possible  design  solutions.  Often  only  a few 
possible  design  solutions  can  be  used  since 
there  is  not  enough  room,  people,  or  equip- 
ment to  make  every  design  into  an  engineer- 
ing solution.  Fig.  11-6.  Too  many  solutions 
make  this  work  hard  and  complicated.  It  is 
usually  clear  fairly  early  which  design  solu- 
tion has  the  most  potential  (possibilities) . 


Fig.  11-5.  Specialists  will  help  the  product  designer 
try  out  different  materials. 


Why  Alternate  Solutions  Are 
Necessary 

In  the  sketching  stage  of  the  design  de- 
velopment, the  designer  comes  up  with  many 
solutions.  This  is  necessary  since  the  design- 
er is  looking  for  the  best  ideas.  Alternate 
solutions  give  him  different  ways  to  meet 
the  different  specifications  (requirements). 
The  product  designer  will  try  out  different 
materials  and  production  methods.  Fig.  11- 
5.  The  different  design  solutions  are  not 
shown  to  top  management,  engineering,  or 
marketing  so  that  they  can  make  a final 
choice.  Rather,  they  are  shown  so  that  the 
designer  can  get  information  from  these 


Fig.  11-6.  Designers  must  work  with  the  foaling  depart- 
ment to  work  out  the  best  inexpensive 
method  for  producing  the  product.  This 
may  require  alternate  acceptable  design 
solutions. 
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Once  the  basic  design  solution  has  been 
decided  on,  there  may  still  be  a need  for 
alternate  solutions.  This  need  may  come 
about  because  of  engineering  problems. 
There  may  not  be  enough  room  for  one  of  the 
components  (parts) . So  the  product  designer 
makes  changes  to  meet  the  dimensional 
(size)  needs  and  still  keep  the  design  con- 
cept. The  manufacturing  engineering  group 
may  ask  for  similar  changes,  Fig.  11-7.  It 
may  be  found  that  the  tooling  costs  are  too 
high.  So  the  designer  must  work  with  the 
tooling  engineers  to  find  some  other  accept- 
able design  solutions.  The  same  thing  could 
happen  if  product  costs  were  too  high.  Fig. 
11-8.  Then  the  product  designer  must  work 
up  other  solutions  to  solve  the  cost  problem. 


Summary 

The  product  designer  has  several  tools  to 
help  him  develop  design  solutions.  The  two 
most  important  are  sketches  and  mock-ups. 
These  tools  help  him  think  about  different 


Fig.  11-7.  Sometimes  the  designer  must  cut  down  the 
number  of  parts  to  make  the  manufacture  of 
the  product  easier  or  simpler.  ^ ^ 

Ou 


ways  to  solve  the  problem.  Each  tool  is  im- 
portant in  communicating  (telling)  the  de- 
signer’s solution  to  others.  Sketches  are  an 
easy  and  low-cost  method  of  explaining  ideas. 
Their  use  is  limited,  because  they  are  not 
easily  and  completely  understood  by  un- 
trained persons.  Mock-ups  are  more  complex 
and  expensive  but  they  are  a better  way  to 
explain  the  design  solution. 

Alternate  design  solutions  are  needed  so 
that  different  ideas,  materials,  and  ways  of 
production  may  be  compared.  When  a line 
of  products  is  developed,  alternate  solutions 
are  used  to  decide  which  models  to  make. 
When  engineering  and  production  problems 
arise,  alternate  solutions  may  be  used.  Tool- 
ing and  product  costs  may  call  for  changes  in 
the  design.  Alternate  solutions  are  worked 
out  to  make  sure  all  ways  have  been  studied 
so  that  the  best  possible  design  can  be 
chosen. 


Fig.  1 1-8.  If  production  costs  are  too  high,  the  designer 
may  be  asked  to  work  up  solutions  such  as 
a change  in  finishing  requirements. 
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Sta-Safe  is  packaged  KD. 


Fig.  11-9.  The  designer  keeps  in  touch  with  the  product  from  the  first  rough  sketch  until  it  is  packaged. 


Terms  to  Know 

design  solution 
concept 

design  development 
sketching 
model  making 
thumbnail 
rough 

representation 


rendering 

mock-up 

paste-up 

appearance  mock-up 

function 

variations 

modifications 

accurate 


fabricate 

alternate 

preliminary 

merits 

producibility 

tooling 

piece  cost  estimates 
presentation 


hard  mock-up 

specifications 

formulate 

potential 

components 

dimensional 

communicating 


Think  About  It! 

1.  \v  nat  reasons  would  top  management 
have  for  rejecting  a designer’s  rough 
sketches? 

2.  Do  you  think  alternate  designs  for  one 
product  might  be  useful  in  arriving  at  a 
design  solution  for  another  product? 
Why? 


VI  Vi' 


bo 


The  World  of  Manufacturing 


Creating  Alternate  Design  Solutions 


Ideas 

New  knowledge 

1 1 

Alternate  solutions 


-Making  sketches 
-Rendering 

-Making  3-dimensional 
mock-ups 


which  leads  to 


I Refining  the  design 
! solution 


Making 

Three-Dimensional 

Models 


As  you  have  seen  from  the  last  reading, 
three-dimensional  models  are  an  important 
part  of  the  product  designing  process,  Fig. 
12-1.  Models  are  the  most  important  wo.y  to 
explain  the  design  solution. 


Fig.  12-1.  Before  a three-dimensional  model  can  be 
built,  a sketch  is  made. 


Fig.  12-2.  Wood  is  still  a popular  material  for  building 
models. 


A model  is  anything  of  a certain  form, 
shape,  size,  quality,  or  construction  that  is 
made  to  be  imitated  (copied).  A number  of 
terms  refer  to  a model,  but  mock-up  is  pre- 
ferred since  "model”  often  refers  to  a fin- 
ished product.  For  example,  “Which  model 
of  automobile  do  you  want  to  buy?”  We 
will  look  briefiy  at  the  different  kinds  of 
mock-ups  used. 

Kinds  of  Models  or  Mock-Ups 

After  the  rough  sketching,  the  product 
designer  is  usually  ready  to  make  a mock- 
up  study.  This  first  rough  mock-up  is  called 
a paste-up.  Paper,  glue,  cardboard,  wood, 
tape,  clay,  or  any  material  that  will  easily 
show  the  design  solution  is  used.  Fig.  12-2. 
The  main  purpose  of  the  paste-up  is  to  give 
the  product  designer  an  idea  of  how  the  de- 
sign will  fit  its  surroundings  and  how  people 
will  use  it.  The  paste-up  must  be  made 
quickly  and  cheaply. 

A clay  model  is  used  when  shape  is  im- 
portant to  the  design.  Fig.  12-3.  It  is  easy 


Fig.  12-3.  Clay  models  are  still  often  used  because  they 
are  cheap,  easy  to  work  with,  and  can  be 
formed  by  hand. 
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to  work  with  and  can  easily  be  changed. 
Clay  models  can  look  like  paste-ups;  but  if 
special  clays  are  used,  they  can  also  be 
made  into  very  good-looking  finished  mock- 
ups. 

A scale  model  is  another  kind  of  mock- 
up.  It  usually  (but  not  always)  refers  to  a 
mock-up  that  is  smaller  than  the  final  prod- 
uct. Examples  are  scale  models  of  auto- 
mobiles and  airplanes. 

An  appearance  mock-up  follows  the  paste- 
up. It  can  be  made  of  any  material  and  is 
usually  full  scale  (the  same  size  as  the 


Fig.  12-4.  A mock-up  can  be  made  of  the  materials  that 
will  actually  end  up  in  the  product. 


Fig.  12-5.  From  a sketch,  a handmade  model  can  be 
formed.  In  this  case,  a usable  product  was 
made  using  similar  steps. 


product).  It  is  more  completely  and  care- 
fully done  than  the  paste-up,  but  it  is  still  a 
vomvorking  mock-up.  The  handles,  knobs, 
and  doors  do  not  work.  Materials  and  fin- 
ishes are  pictured  as  correctly  as  possible. 

A hard  mock-up  is  usually  the  final  mock- 
up.  It  is  well-made,  and  important  parts 
such  as  drawers,  knobs,  lights,  doors,  and 
wheels  will  work.  Materials  and  finishes 
should  be  the  same  ones  that  will  be  used 
in  actual  production.  Fig.  12-4.  It  does  not 
include  the  power  units  or  the  basic  working 
parts,  such  as  the  cooling  system  in  a re- 
frigerator or  the  engine  in  an  automobile. 


Working  Models  or  Prototypes 

Models  in  which  all  parts  work  and  which 
also  include  all  details  of  appearance  are 
called  working  models  or  prototypes.  Pro- 
totypes of  some  kinds  of  products  are  easier 
to  make  than  others.  Fig.  12-5.  For  example, 
the  prototype  for  a pair  of  pliers  or  a piece  of 
furniture  can  be  made  more  easily  than  the 
prototype  for  an  airplane  or  a locomotive 
engine.  Reading  18  covers  the  prototype  in 
greater  detail. 


Fig.  12-6.  This  mock-up  of  a trainer  plane  is  useful  for 
human  engineering  studies  as  well  as  for 
training  pilots  to  fly. 
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Where  Mock-Ups  Are  Used 

Mock-ups  are  often  used  in  product  pres- 
entations (explanations).  They  are  also 
used  in  other  design  studies,  such  as  a human 
factors  engineering  study,  Fig.  12-6.  This 
can  apply  to  the  interior  (inside)  of  an  auto- 
mobile or  the  cabin  of  an  Apollo  Moon 
Vehicle.  In  both  cases  the  location  of  the 
controls  and  the  kind  of  seating  and  space 
that  the  human  body  needs  must  be  studied, 
Fig.  12-7.  The  best  way  to  study  these 
things  is  to  make  a mock-up  of  the  interiors 
and  work  with  them. 

Hard  mock-ups  that  are  well  made  are 
needed  for  consumer  surveys.  They  must 
look  like  production  models  since  a poor 
imitation  might  cause  the  consumer  to  re- 
act unfavorably  to  the  design  solution.  Fig. 
12-8.  Models  are  also  used  to  give  informa- 
tion to  the  toolmaker.  Many  parts  with  un- 
usual shapes  are  hard  to  show  correctly  in 
a drawing.  To  solve  this  problem,  an  accu- 
rate wooden  model  is  made  and  then  given 
to  the  toolmaker  to  copy  into  a steel  mold 
(die). 

Many  times,  sales  and  advertising  litera- 
ture for  a product  must  be  prepared  before 
the  product  is  manufactured.  If  pictures  of 
the  product  are  needed,  the  hard  mock-up 
is  photographed.  Sometimes,  hard  mock-ups 
are  presented  (shown)  to  future  customers. 


Fig.  12-7.  This  is  a one-fifth  scale  model  of  a man  in  a 
seated  position  at  the  controls  of  a spaceship. 


Then,  orders  based  on  the  mock-up  are 
taken.  This  was  true  in  the  case  of  the  SST 
airplane.  The  actual  airplane  may  be  built 
years  after  the  first  orders  are  taken. 


How  Mock-Ups  Are  Made 

Mock-ups  are  made  either  by  the  product 
designer  or  by  persons  trained  to  make 
models.  The  mock-ups  built  by  the  product 
designer  are  usually  paste-ups.  The  de- 
signer must  be  able  to  cut  and  shape  paper, 
cardboard,  clay,  wood,  plastic,  or  any  other 
suitable  material.  He  must  be  able  to  fasten 
parts  together  with  glue,  tape,  and  simple 
mechanical  fasteners  like  staples.  The  de- 
signer must  be  able  to  work  with  his  hands. 
As  he  builds  the  mock-ups,  he  is  also  de- 
signing. 

Where  people  trained  to  make  models  are 
employed,  the  designer  must  give  them  di- 
mensional drawings  (drawings  that  show 
sizes  and  shapes)  of  the  mock-up.  He  must 
also  help  them  work  out  ways  to  get  the 


Fig.  12-8.  Here  the  permanent  model  for  the  fuselage 
section  of  the  Boeing  747  is  taking  shape. 
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desired  effects,  Fig.  12-9.  The  model 
maker  is  a specialist  who  must  have  many 
skills.  He  must  be  a machinist,  a cabinet- 
maker, a pattern  maker,  and  a painter.  He 
must  understand  what  the  designer  is  try- 
ing to  make  through  the  mock-up. 


Summary 

Mock-ups  are  the  most  important  way  to 
explain  the  design  solution.  There  are  dif- 
ferent kinds  of  mock-ups,  each  with  its  own 
name.  The  paste-up  is  used  in  the  early 
stages  of  the  design.  Next,  the  appearance 
mock-up  is  made.  This  is  an  accurate,  vis- 
ual representation  of  the  product.  Finally, 
the  hard  mock-up  is  made.  This  is  well 
made  and  accurate  in  all  details,  and  all  the 
parts  work.  These  mock-ups  are  used  for 
explanations,  consumer  surveys,  photog- 
raphy, and  any  other  situation  that  calls 
for  a representation  of  the  product. 

When  the  product  designer  is  still  devel- 
oping the  design,  he  may  build  his  own 
mock-up,  usually  a paste-up.  When  the  de- 
sign problem  has  been  solved,  a person 
trained  to  make  models  makes  the  appear- 
ance or  hard  mock-ups. 


Fig.  12-9.  Plaster  is  used  to  finish  the  surface  on  the 
fuselage  section  of  this  model  of  the  Boeing 
747.  This  is  the  largest  model  ever  made  of  a 
commercial  oirplane. 
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-Analyzing  sketches 
-Analyzing  renderings 
-Analyzing  3-dimensional  mock-ups 


- Interpreting  sketches 
-Fabricating 
-Finishing  the  model 


Terms  to  Know 

model 

imitated 

mock-up 

paste-up 

clay  model 

scale  model 

appearance  mock-up 

full  scale 

nonworking  mock-up 
hard  mock-up 


working  models 
prototypes 

product  presentations 
human  factors 
engineering  study 
interior 
toolmaker 
presented 

dimensional  drawings 
model  maker 


Think  About  It ! 

1.  Why  would  it  be  important  for  the  de- 
signer to  have  a mock-up  of  the  interior 
of  the  Apollo  Lunar  Excursion  Model 
(LEM)  ? 

2.  What  benefits  does  the  product  designer 
get  from  showing  hard  mock-ups  (or 
pictures  of  them)  to  future  customers? 
What  disadvantages  are  there? 
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Refining 
the  Design  Solution 


The  design  for  a product  is  always  studied 
and  refined  (improved).  This  is  part  of  the 
industrial  designer’s  job.  Usually  it  is  pos- 
sible to  find  out  if  the  product  will  be  and  do 
what  the  design  solution  planned.  A sample 
of  a product  can  be  made  and  tested.  If 
changes  are  needed,  the  designer  will  make 
the  changes  in  the  design  solution.  For  ex- 
ample, a machine  can  be  built,  run,  and 
studied.  Any  needed  adjustments  (changes) 
can  be  made  by  testing  its  performance. 

It  is  much  harder  to  measure  the  effect  of 
a product’s  appearance  when  it  is  still  in  the 
design  solution  stage.  Management  must 
know  as  much  as  possible  about  consumer 
acceptance  (whether  people  will  buy).  Fig. 
13-1.  If  a product’s  appearance  can  be  im- 
proved before  full  scale  production  starts, 
the  designer  must  know  this.  Others  in  man- 
agement may  also  need  consumer  informa- 
tion. To  help  them,  different  kinds  of  con- 
sumer surveys  are  made. 


Fig.  13-1.  The  consumer  is  the  final  judge  of  product 
design. 


Kinds  of  Consumer  Surveys 


Consumer  surveys  are  expensive,  but  they 
get  several  kinds  of  useful  information.  Some 
data  (facts)  help  the  designer  ‘ improve  a 
product.  Other  facts  convince  management 
that  the  product  will  sell.  For  this  reason, 
great  amounts  of  time  and  money  are  spent 
to  develop  the  product.  A consumer  survey 
can  also  show  what  the  selling  price  should 
be  and  the  kind  of  people  who  will  buy  the 
product.  It  can  help  the  marketing  group 
(those  planning  the  sales)  to  decide  how  to 
market  (sell)  and  advertise  the  product. 

A survey  can  be  made  at  any  point  in 
product  development,  depending  upon  what 
kind  of  information  is  needed.  A new  prod- 
uct idea,  never  before  given  to  the  public,  is 
surveyed  as  soon  as  possible.  If  a survey 
shows  consumer  acceptance  of  the  idea,  time 
and  money  may  be  spent  to  develop  it  fur- 
ther. New  features  (parts)  of  products  al- 
ready on  the  market  are  surveyed  to  see  if 
consumers  will  accept  the  changes.  Manage- 
ment asks  for  this  kind  of  survey  before  ap- 
proving the  expenses  of  retooling  (changing 
the  production  machines  so  new  parts  of  the 
product  can  be  made) . 

Consumer  surveys  are  made  to  give  the 
kind  of  information  needed.  They  must  be 
carefully  planned  so  the  information  will  be 
useful. 

Consumer  surveys  are  run  by  specialists  in 
market  research  who  are  trained  in  the  dif- 
ferent ways  of  conducting  (getting  useful 
information),  tabulating  (summing  up  the 
information),  and  evaluating  surveys  (de- 
ciding how  the  information  affects  the  sale 
of  the  product) . They  work  with  the  design 
staff  in  deciding  what  information  to  get 
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and  they  suggest  the  kind  of  survey  &at 
should  be  used.  Then,  marketing  decides 
where  and  when  it  will  be  done. 

Prototypes  (developmental  or  working 
models),  made  by  the  product  design  group, 
are  shown  to  the  people  who  are  being  sur- 
veyed. The  people  look  at  the  models  and 
even  handle  them.  Then  they  make  a choice. 
Fig.  13-2.  It  is  very  important  that  the 
brand  names  of  products  are  hidden  from 
the  people.  Brand  names  can  influence  choice. 
If  the  brand  names  are  not  hidden,  the  sur- 
vey results  may  not  show  whether  the  people 
accepted  the  appearance  and  features  of  a 
prototype.  People  are  often  asked  in  a sur- 
vey to  compare  one  design  solution  with  an- 
other, or  perhaps  with  a model  made  by  an- 
other company. 

It  is  also  important  to  decide  who  will  be 
surveyed.  This  is  called  screening.  If  it  is 
known  what  kind  of  people  might  buy  a 
product,  these  people  will  be  chosen  to  take 
part  in  a survey.  For  example,  if  a product 
is  bought  by  married  women  under  35  years, 
there  is  no  sense  in  getting  the  opinion  of 
men,  single  women,  or  women  over  35  years 
of  age. 

Surveys  in  different  geographic  locations 
give  different  results.  Fig.  13-3.  People  who 
live  on  the  West  Coast  may  not  react  like 
people  who  live  on  the  East  Coast.  People 
who  live  in  cities  may  react  differently  from 


people  who  live  in  suburbs,  so  a survey  is 
usually  done  in  three  or  four  locations  to  get 
a good  cross  section  of  opinion.  There  are 
market  research  companies  in  many  places 


be  made  are  marked  on  the  map. 


FREE  3-YEAR  FACTORY  SERVICE  CONTRACT  APPLICATION 

Dl  

PiTV'  CODE 

DATE  OF  PURCHASE: 

aK.KIAL. — 

DEALER  FROM  WMUM  

1 

1 have  filled  in  all  the  above  information,  1 understand  that  the  service 
contract  covers  all  parts  and  materials  that  might  be  used  to  s®"lce  my 
equipment  for  three  years  from  the  date  of  purchase.  1 also 
It  does  not  cover  tubes,  fuses,  or  transportation  to  and  from  the  lacioiy,  i 
understand  that  the  service  is  to  be  done  only  by  the  factory  in  Binehamton, 
New  York  or  by  a McIntosh  Authorized  Service  Agency,  This  contract,  of  course, 
does  not  cover  equipment  that  has  been  misused,  received  unauthorized  serv- 
Ice,  or  maladjust^. 

This  equipment  was  purchased  on  thn  above  date. 

THIS  AmJCATWH  MUST  K FOITMAWtlO  WITHIN  30  DAYS  Of  PORCHASf  TO  K VAUOt 

Would  you  please  take  a moment  to  help  others  enjoy  the  best  In  high 
fidelity  equipment  by  answering  these  questions? 

1,  1 first  learned  of  McIntosh  through:  Advertisement  In ^ 

Recommendation  of  friend  □;  Demonstration  by  dealer  □;  at  an  audio  show  Q. 

3.  Did  your  McIntosh  equipment  replace  any  previously  owned  high  fidelity  equip* 

ment?  li  so,  oescrioe  Dneny. 

Thank  you.  ^ r\. 

niMntO$h  LAMRATORY  INC.  2 Chamber*  St,  Blnohamton,  N.  Y.  13903 

Fig.  13-2.  Prototypes  are  used  for  comparing  designs.  Fig.  13-4.  Warrantycards  furnish  marketing  information. 
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throughout  the  country.  A market  research 
company  can  reach  any  kind  of  people 
needed  for  a survey.  These  people  are  called 
respondents. 

Conducting  Consumer  Surveys 

When  you  buy  a new  product,  you  are  often 
asked  to  send  a warranty  card  back  to  the 
manufacturer,  Fig.  13-4.  On  the  card  are 
some  questions  asking  why  you  bought  the 
product  and  where  you  bought  it.  This  is  one 
kind  of  consumer  survey,  and  you  are  a re- 
spondent. There  are  many  other  kinds. 

Two  kinds  of  surveys  are  often  used  to 
measure  consumer  acceptance.  One  is  the 
interview.  The  other  is  the  panel  discussion. 
Both  kinds  are  often  used  in  the  same  sur- 
vey. 

The  interview  can  get  a large  number  of 
opinions  in  a fairly  short  time.  Fig.  13-5.  It 
is  helpful  when  the  choices  given  to  respond- 
ents are  simple.  Let  us  look  at  a typical 
(usual)  interview  survey.  We  want  to  know 
if  people  will  like  the  exterior  (outside)  and 
interior  (inside)  of  a new  refrigerator  de- 
sign. The  design  group  makes  two  prototypes 
of  the  proposed  design  solution.  They  are 
similar  in  size  but  each  is  different  in  ap- 
pearance and  features.  A similar  model  of  a 
brand  made  by  another  company  is  also  used. 
This  gives  the  respondent  three  choices. 


Fig.  13-5.  Interviews  may  establish  a need  for  a 
new  product. 
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If  the  survey  will  be  conducted  in  Los  An- 
geles, Indianapolis,  and  New  York,  market 
research  groups  in  these  three  cities  are 
contacted  and  dates  are  set  up.  Question- 
naires (sets  of  questions  the  respondents 
are  to  answer)  are  worked  out.  Each  re- 
search group  is  asked  to  do  the  survey  in 
exactly  the  same  way. 

Since  it  is  necessary  to  talk  to  a large 
number  of  people,  a busy  place  must  be 
found.  A shopping  center  is  a good  location. 
The  models  are  set  up  in  a suitable  place. 
They  are  labeled  with  the  letters  R,  S,  and 
T;  and  no  brand  names  show.  Several  re- 
search workers  conduct  the  interviews.  Us- 
ing the  questionnaires,  they  stop  people  who 
are  passing  by  and  ask  if  they  are  willing  to 
take  part  in  a consumer  survey.  If  the 
answer  is  “yes,”  the  interviewer  asks  the 
questions  on  the  questionnaire.  Fig.  13-6. 


OPNSIflCB  SURVLY  CllP.C’tl.lST  AND  HXRIJET  PF.SE\P<;il  PEPCrT 
Dtreeclonii  Check  proper  block, 

5axi  1.  Hile  f]  2.  Feailr  [] 

,\gei  3.  11  yri.  A undor  []  6.  1?  yri.  []  5,  13  yri,  [}  6,  14  yr».  []  7,  15  yre,  1 over  fj 
Ko,  of  periont  In  your  family  (include  youraolfli  8,  throo  f}  9,  four  [j  10.  five  [] 

11.  ilx  or  more  [] 

Credo  In  ichooli  12,  levencli  [j  13.  elQhch  [j  14.  ninth  Cj 

Pleaio  fill  In  tho  following  Infortwtlon  about  the  product  about  which  you  are  being 
■urvnyod.  Thank  you, 

Narao  of  Product  Groupi  15.  

1,  Do  you  have  nt  home  any  one  of  tho  throo  lamples  ehown?  (Circle  ye*  or  no.) 

16.  Yes  17,  No 

2.  If  the  aniwor  li  no,  go  to  queitloni  6 and  7,  3.  If  y<*i,  whlth  one  do  you  have? 

(Circle  A,  S,  or  C.) 

18.  A 19.  n 20.  C 

4.  Do  you  uio  the  product  you  have!  (Clrclo  yei  or  no^ ) 21.  yei  22.  no 

5.  How  often  do  you  purchaie  thli  ltem7  (Circle  your  annwer.)  23.  every  month 
24.  overy  2 monthi  25.  every  6 montha  26.  every  12  montha, 

6.  ‘Thoro  havo  you  leen  product!  advertliedf  (Chock  your  aniwori,)  27.  on  tolovlelon  [} 

28.  In  newipapor  []  29.  In  tugatlnoi  [}  30.  on  radio  [}  31.  on  billboards  [] 

7.  How  much  would  you  pay  to  obtnln  this  product  a*  shown?  (Check  your  answer.) 

32.  A.05-9.50  n 33.  J.50*)1.00  (]  34.  11.00-52.00  []  35.  115*120  [] 

36.  $20-130  []  37,  130.550  []  38.  150-171  39.  ••75-5100  []  40.  52000-12999  [] 

41.  53000-53999  []  42.  14000-15000  [] 

8.  How  would  you  rato  the  porfomanco  of  tho  product?  Cllrclo  correct  answer.) 

43.  good  44.  fair  45,  poor 
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Fig.  13-6.  Questionnaires  are  used  for  recording 
information. 
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The  first  few  questions  are  the  screening 
questions.  They  show  whether  the  respondent 
fits  the  needs  of  the  survey.  In  this  case  the 
respondent  can  be  either  male  or  female,  but 
he  must  live  in  a house  rather  than  an 
apartment.  His  (or  her)  present  refrigera- 
tor should  be  at  least  five  years  old.  This  is 
usually  the  kind  of  person  who  would  prob- 
ably buy  a new  refrigerator. 

If  the  answers  to  the  screening  questions 
are  satisfactory,  the  respondent  is  shown  the 
models:  R,  S,  and  T.  His  opinions  are  re- 
corded. Typical  questions  would  be:  “Which 
refrigerator  do  you  like  best?”,  “Which  sec- 
ond best?”,  and  “Which  least?”.  Completing 
the  questions  takes  from  10  to  15  minutes. 
Nearly  100  people  can  be  interviewed  in  eight 
hours.  Fig.  13-7. 

The  panel  discussion  kind  of  survey  differs 
from  the  interview.  It  not  only  finds  out  how 
consumers  react,  but  it  looks  for  the  reasons 
for  the  reaction.  Fig.  13-8.  It  is  made  up  of 
a group  of  people  called  a panel.  They  are 
asked  to  talk  about  the  design  proposals. 
The  usual  panel  has  10  people. 

There  is  a special  way  to  select  the  mem- 
bers of  a panel.  Market  research  people,  for 


example,  go  to  women’s  clubs  and  social  or- 
ganizations. They  offer  to  pay  a small  sum 
of  money  to  the  club  treasury  for  each  club 
member  who  takes  part  in  a panel. 

The  panel  respondents  are  brought  to- 
gether and  are  shown  the  design.  Then  a 
market  research  worker  leads  the  group  into 
a discussion.  It  is  his  job  to  ask  the  people 
for  their  opinions.  He  must  be  careful,  how- 
ever, not  to  influence  them  in  any  way.  By 
talking  to  the  people  he  gets  information  on 
how  the  product  will  be  used,  how  it  should 
be  sold,  and  even  how  much  money  people 
will  pay  for  it.  If  there  are  certain  features 
that  the  people  like,  the  research  worker  tries 
to  find  those  features.  There  may  be  some 
features  that  the  people  do  not  like,  so  he  will 
try  to  find  out  why  they  do  not  like  them. 
Both  of  these  findings  are  important  to  the 
product  designer.  Now  he  can  change  his  de- 
signs so  that  people  will  accept  them.  Six  to 
ten  groups  or  panels  will  usually  give  enough 
information  for  a survey.  Everything  that  is 
said  is  recorded.  There  are  questionnaires 
that  must  be  filled  out  by  panel  members. 

You  can  see  that  surveys  need  careful 
planning.  They  are  also  expensive.  If  a great 
many  opinions  are  needed,  the  interview 
method  is  very  good.  If  more  complete  in- 
formation is  needed,  the  panel  discussion 
is  better. 


Fig.  13-8.  Panel  discussions  may  produce  moro  reaction 


than  interviews. 
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Tabulating  and  Evaluating  Survey 
Results 

The  purpose  of  a survey  is  to  get  useful 
information  for  the  designer  and  for  man- 
agement. When  the  survey  is  finished,  the 
information  is  tabulated.  That  is,  it  is  writ- 
ten up  in  an  orderly  way  so  that  the  results 
are  easy  to  understand.  This  is  the  job  of  the 
market  research  groups.  They  also  study 
survey  results  and  give  their  opinions  on 
what  the  results  show. 

The  product  designer  can  now  study  the 
survey  results  and  judge  his  own  work.  He 
must  decide  if  his  design  solution  is  good 
or  if  it  should  be  changed.  When  he  presents 
the  product  design  solution  for  final  man- 
agement approval,  he  uses  the  survey  infor- 
mation to  support  (explain)  his  judgment. 
For  example,  management  may  ask  the  prod- 
uct designer  why  he  used  a long  handle  on  a 
refrigerator  door.  His  answer  might  be  that 
the  consumer  survey  showed  that  consumers 
wanted  a long  handle. 

The  designer  depends  on  the  survey  as  an 
important  tool  in  developing  a product  de- 
sign. To  be  useful,  surveys  must  be  well  done 
and  correctly  evaluated.  Some  products  have 
been  surveyed  a great  deal,  but  have  failed 
when  they  were  placed  on  the  market.  The 
Edsel  automobile  is  an  example.  Surveys 
showed  that  people  would  buy  the  car.  When 
it  came  on  the  market,  very  few  people 
bought  it.  This  is  why  a survey  may  be  used 
to  help  make  a final  judgment,  but  it  should 
not  be  thought  of  as  being  the  final  judg- 
ment. 

Summary 

A product  design  is  always  studied  and 
improved  throughout  the  development  proc- 
ess. Consumer  surveys  are  one  way  of  get- 
ting data  (information)  about  how  the  cus- 
tomer feels  about  a product.  The  interview 
can  give  many  opinions  in  a fairly  short 
time.  The  panel  discussion  not  only  gives 
opinions  but  also  the  reasons  for  people’s 
opinions.  Designers  use  surveys  to  support 
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their  design  solutions.  Surveys  give  manage- 
ment added  confidence  before  they  give  their 
final  approval.  Surveys  must  be  done  well  by 
market  research  specialists. 
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Think  About  It! 

1.  If  you  had  designed  a new  motorcycle, 
what  groups  of  people  would  you  want 
market  research  teams  to  interview?  What 
questions  would  you  want  them  to  ask 
these  people? 


2.  What  products  have  you  used  which  you 
would  have  rejected  if  interviewers  had 
asked  your  opinion  before  they  were 
marketed?  Why  would  you  have  rejected 
them? 


Obtaining  Approval 
of  Management 

This  reading  describes  the  steps  leading 
to  a major  decision.  The  decision  will  put  the 
design  solution  into  product  engineering  and 
production  planning.  This  decision  is  called 
final  management  approval. 


Approval  Procedure 

To  get  ready  for  this  approval,  usually  a 
number  of  meetings  are  held.  Personnel  from 
the  marketing,  finance,  engineering,  and  pro- 
duction departments  meet  with  the  product 


Fig.  14-1.  Management  is  discussing  preliminary  plans 
for  new  products.  Many  people  from  dif- 
ferent departments  can  use  their  special 
knowledge. 


designers.  Information  from  these  meetings 
is  collected,  put  into  final  form,  and  pre- 
sented (given)  to  management  for  approval. 
In  this  final  presentation,  the  design  solution 
plays  a major  part. 

Every  design  in  its  final  form  has  been 
developed  from  a concept  (idea)  and  has 
gone  through  several  stages  to  a design  solu- 
tion. In  small  companies  only  a few  people 
take  part,  and  the  development  process  can 
be  informal.  In  large  companies,  where  many 
people  take  part,  development  is  a more  for- 
mal process.  Fig.  14-1.  This  is  necessary  to 
keep  everyone  informed  and  to  prevent  con- 
fusion. 

We  will  look  at  the  steps  leading  to  man- 
agement approval  of  a design  solution.  We 
will  look  at  each  of  these  steps  as  it  affects 
the  designers.  Our  example  will  be  a large 
company  with  its  own  internal  design  group. 

Before  final  management  approval,  there 
are  points  along  the  way  that  need  approval. 
These  approvals  are  gotten  through  meet- 
ings. Both  preliminary  (beginning)  meet- 
ings and  the  final  meetings  are  called  prod- 
uct planning  meetings.  Five  meetings  will  be 
described.  Sometimes  fewer  meetings  can  be 
held. 


First  Product  Planning  Meeting 

Product  planning  may  be  initiated 
(started)  because  of  a new  product  made  by 
another  company,  an  invention,  or  a new 
product  design  idea.  The  product  design, 
manufacturing  engineering,  production,  and 
marketing  departments  send  people  to  this 
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Fig.  14-2.  Everyone  from  the  president  to  the  shop 
foreman  may  take  part  in  approving  the 
design  for  a new  product. 


meeting,  Fig.  14-2.  It  is  a planning  meeting. 

This  meeting  must  be  held  from  six  months 
to  a year  before  the  final  meeting.  When  it  is 
held  depends  on  how  much  time  is  needed  to 
develop  the  product. 

The  designers  leave  the  meeting  with  a 
rough  outline  of  the  design  requirements.  In 
a few  weeks  they  will  get  a great  deal  of  in- 
formation about  the  design  solution.  They 
will  study  products  made  by  other  companies. 
They  will  study  new  techniques  that  might 
be  useful  in  planning  the  product.  The  de- 
signers will  start  thinking  about  the  differ- 
ent jobs  the  product  must  do.  They  will  make 
sketches  and  rough  cardboard  mock-ups  to 
help  them  in  the  studies  and  to  show  alter- 
nate solutions.  Much  of  this  activity  is  done 
to  get  ready  for  the  next  meeting. 


Second  Product  Planning  Meeting 

This  meeting  is  called  a feasibility  meet- 
ing (deciding  whether  the  product  can  be 
produced).  Since  the  first  meeting,  facts 
have  been  gathered  in  rough  form  about 
cost,  market  potential  (possible  sales), 
product  features,  and  other  problems.  The 
design  group  now  presents  sketches  and 
rough  mock-ups  to  show  some  features  of  the 
product  concept. 


This  is  the  meeting  that  decides  whether 
or  not  the  project  is  practical  (useful).  The 
division  manager  is  there.  One  of  the  pur- 
poses of  this  meeting  is  to  present  the  prod- 
uct plans  to  him  for  his  approval.  He  man- 
ages the  production,  manufacturing  engi- 
neering, and  marketing  departments.  The 
director  (chief)  of  each  department  is  also 
there. 

The  product  development  schedule  (time 
periods  that  each  department  will  work  on 
its  part  of  the  product)  is  made  final  at  this 
meeting.  Dates  for  the  next  product  planning 
meetings  are  also  set. 

The  design  group  leaves  this  meeting  with 
a good  idea  of  tooling  and  product  costs  and 
of  engineering  problems.  The  appearance  of 
the  product  now  becomes  a major  problem. 
The  designers  will  continue  to  work  with 
sketches  and  mock-ups,  refining  (improv- 
ing) their  design  solutions  as  problems  be- 
come clearer. 

During  this  period  the  design  group  will 
meet  often  with  industrial  and  manufactur- 
ing engineers.  They  are  getting  ready  for  the 
next  meeting  for  which  they  will  need  good 
design  mock-ups. 


Third  Product  Planning  Meeting 

Product,  tooling,  and  facility  (manufac- 
turing plant)  costs  must  be  ready  for  this 
meeting.  All  major  engineering  problems 
must  be  solved  before  the  meeting.  The  de- 
signers make  a full  presewtatiow  (explana- 
tion) of  their  final  design  solution.  The 
mock-ups  look  as  much  like  the  product  as 
possible.  Parts  that  will  be  handled  or  oper- 
ated by  the  user  will  work,  Fig.  14-3. 

The  division  manager  along  with  his  mar- 
keting, production,  and  manufacturing  engi- 
neering people  are  at  this  meeting.  The 
meeting  is  held  at  least  one  month  ahead  of 
the  final  approval  meeting  to  allow  enough 
time  to  modify  (change)  designs  and  get 
more  information ; for  example,  to  run  a con- 
sumer survey.  The  meeting  must  end  with 
general  agreement  by  everyone.  Otherwise, 
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the  project  will  be  delayed  until  all  can 
agree. 

If  earlier  meetings  have  been  well  run,  no 
serious  problems  should  come  up  at  this 
meeting.  If  the  design  solution  is  good  and 
the  product  and  tooling  costs  ai:e  satisfac- 
tory, the  date  for  the  final  meeting  can  be 
set.  The  design  group  leaves  this  meeting 
with  the  job  of  making  minor  refinements 
(improvements)  and  additions  to  the  design 
solution. 


Fourth  Product  Planning  Meeting 

This  meeting  is  a rehearsal  for  the  final 
one.  It  is  held  about  one  week  before  the  final 


Fig.  14-3.  An  electric  circuit  is  tested  to  see  if  it  will 
work.  Many  ideas  are  tested  to  see  if  they 
are  useful  before  being  put  into  a product. 
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management  approval  meeting.  Every  detail 
must  be  covered.  The  same  people  who  were 
at  the  third  meeting  are  at  this  meeting.  The 
final  meeting  date  is  then  set,  and  the  last 
few  days  are  spent  making  last  minute 
changes. 

Last  Product  Planning  Meeting 

At  this  meeting  management  gives  its  final 
approval.  The  meeting  must  be  scheduled  so 
that  there  will  be  enough  development  and 
tooling  time  to  meet  the  scheduled  produc- 
tion date.  If  the  product  is  a kitchen  appli- 
ance, for  example,  the  meeting  would  take 
place  from  nine  to  twelve  months  before  pro- 
duction, Fig.  14-4. 

The  decision  to  make  a product  is  not 
based  on  appearance  alone.  But  the  appear- 
ance of  a product  cannot  be  separated  from 
the  whole  product  plan,  so  the  presentation 
must  be  complete  in  every  detail. 

Usually,  one  person  gives  the  final  man- 
agement approval.  In  a small  company,  the 
final  decision  might  be  made  by  the  owner. 
In  a large  corporation,  it  is  made  by  a group 
vice-president.  A group  vice-president  man- 
ages a number  of  divisions.  He  may  have 
working  under  him  a group  that  makes  tele- 
vision sets,  a group  that  makes  refrigerators, 
and  seven  or  eight  other  groups.  He,  in  turn, 
works  under  the  president  of  the  corpora- 
tion for  the  proper  management  of  these 
groups  (divisions).  The  important  point  is 


pjg.  14-4.  Designing  and  planning  must  be  scheduled.  Each  department  needs  a certain  amount  of  time  to  do 
its  shore.  Each  department  must  wait  for  another  to  do  its  work  before  it  can  begin. 
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that  the  final  approval  will  be  given  by  one 
person,  the  president  or  vice-president  How 
much  he  takes  the  advice  and  suggestions  of 
his  staff  depends  as  much  on  his  personality 
as  on  their  ability.  A product  plan  will  not 
get  to  this  point  unless  the  division  manager 
feels  reasonably  sure  of  getting  approval. 

The  only  people  at  this  meeting  are  the 
vice-president;  his  administrative  and  finan- 
cial assistants;  the  division  manager  with 
his  marketing,  manufacturing  engineering, 
and  production  chiefs;  and  the  product  de- 
sign director  with  one  or  two  of  his  designers. 

The  meeting  is  divided  into  four  stages. 
The  product  design  director  begins  the  meet- 
ing by  explaining  why  the  new  product  is 
needed.  He  shows  and  discusses  products 
made  by  other  companies.  He  uses  charts, 
photographs,  and  actual  products.  This  gives 
a quick  but  comprehensive  (broad)  under- 
standing of  the  market  for  this  product. 


Fig.  14-5.  The  top  manager  gives  his  final  approval  to  a 
new  product  design.  The  product  is  now 
ready  for  production  scheduling. 


Next,  the  meeting  is  turned  over  to  the 
design  staff.  Designers  present  their  mock- 
ups  of  the  design  solution.  No  alternate  solu- 
tion is  presented.  This  is  not  always  the  case, 
but  it  is  more  useful  to  decide  on  one  solution 
before  the  final  meeting.  Designers  can  best 
explain  the  appearance  of  the  design  solu- 
tion. They  explain  the  design  solution  fully, 
giving  reasons  for  each  part  of  the  design. 
For  example:  “The  control  panel  is  angled 
to  provide  better  readability,”  or  “Our  color 
surveys  show  that  this  color  will  be  very 
popular  next  year.”  Then  they  give  any  data 
from  consumer  approval  surveys  that  back 
up  these  statements. 

After  the  design  solution  has  been  fully 
demonstrated  and  explained,  the  meeting  is 
turned  over  to  the  division  manager.  He  pre- 
sents the  tooling  and  plant  needs,  as  well  as 
the  expected  profit. 

Finally,  a marketing  expert  presents  the 
marketing  plans.  Then,  if  the  product  plan 
has  been  well  thought  out  and  presented,  it 
will  get  management  approval.  The  official 
go-ahead  is  given,  and  commitments  (prom- 
ises) of  time  and  money  are  made.  Fig.  14-5. 


Summary 

As  we  can  see,  obtaining  (getting)  man- 
agement approval  starts  long  before  the  final 
meeting.  Several  formal  product  planning 
meetings  and  many  informal  meetings  are 
needed  for  final  approval.  Each  meeting 
gives  people  more  information  and  improves 
the  design  solution.  No  one  department  work- 
ing alone  designs  the  product.  Product  de- 
signers combine  information  and  advice 
from  many  departments  into  a design  solu- 
tion. The  final  meeting  is  carefully  planned. 
The  presentation  is  complete  in  every  detail. 
Tooling  and  product  costs,  facility  needs, 
marketing,  possible  profit,  and  design  are  all 
thoroughly  explained.  All  the  information 
needed  to  make  the  decision  is  presented. 
This  is  how  final  management  approval  is 
obtained. 
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Establish  design  requirements 


Determine  feasibility 
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Full  presentation  of  solution 


Rehearsal  for  final  approval 


Full  management  approval 
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Obtaining  Approval  of  Management  87 

Terms  to  Know 


final  management 
approval 
presented 
design  solution 
concept 

development  process 
internal 

preliminary  meetings 
product  planning 
meetings 
initiated 

design  requirements 
alternate  solutions 
feasibility  meeting 
market  potential 
practical 

product  development 
schedule 


director 
refining 
facility 
presentation 
modify 
design  group 
refinements 
divisions 
product  design 
director 
comprehensive 
design  staff 
division  manager 
marketing  expert 
commitments 
obtaining 
final  decision 


Think  About  It! 

1.  This  reading  describes  the  many  steps 
needed  to  get  the  approval  of  top  man- 
agement in  large  corporations.  How 
would  these  decisions  be  reached  in  a 
small  company? 

2.  If  you  were  in  charge  of  making  the  final 
decision  on  the  product  design  for  a new 
automobile,  what  would  you  want  to 
hear  from  your  product  design  staff  in 
the  presentation? 
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In  earlier  readings  you  have  studied  the 
work  of  the  product  design  group.  This 
group  decides  on  the  function  (working) 
and  appearance  of  a product.  In  later  read- 
ings you  will  study  the  work  of  the  produc- 
tion planning  group.  Before  production  can 
be  planned,  however,  there  is  often  much 
detailed  work  to  be  done.  This  reading  de- 
scribes the  work  of  the  product  engineer.  He 
must  change  the  product  design,  which 
sometimes  shows  only  the  exterior  (outside) 
appearance,  into  detail  drawings  and  speci- 
fications, Fig.  15-1. 

Product  designing  and  product  engineer- 
ing are  not  entirely  separate  jobs.  The  de- 
signer of  an  air  conditioner  must  think  about 
the  sizes  of  the  motors  that  will  be  needed. 
A dress  designer  must  know  the  strength 
and  draping  qualities  of  different  fabrics. 
When  a product  engineer  chooses  an  auto- 
mobile engine,  its  size  and  shape  must  agree 


Fig.  15-1.  The  product  engineer  must  complete  the 
design  details. 
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with  the  exterior  body  size  and  shape  the  de- 
signer has  planned.  If  the  engine  cannot  be 
changed,  the  body  design  must  be  modified 
(changed). 

Product  Engineering 

There  are  four  main  kinds  of  activities  in 
product  engineering : 

1.  Designing  power  elements  (parts),  me- 
chanical assemblies,  and  other  interior 
(inside)  parts; 

2.  Making  working  drawings; 

3.  Building  the  production  prototype;  and 

4.  Technical  writing  and  illustrating. 

To  understand  these  activities  better,  sup- 
pose that  the  function  and  appearance  of  a 
bicycle  have  been  decided  in  a general  way. 
Perhaps  surveys  have  shown  that  consumers 
want  a certain  kind  of  speed  control  mecha- 
nism. Perhaps  they  want  the  bicycle  to  work 
at  certain  speeds.  A product  engineer  must 
design  the  gears  to  meet  these  consumer 
needs.  Fig.  16-2. 


Fig.  15-2.  Each  part  of  a product  must  be  designed  for 
strength,  life,  material,  and  cost. 
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Fig.  15-3.  Drawings  describe  parts  precisely  so  that 
they  can  be  made  accurately. 


Fig.  15-4.  A prototype  is  used  to  test  the  design,  the 
engineering,  and  the  production  methods. 


The  gears  must  be  the  right  size.  The 
housing  (cover  for  the  gears)  must  be 
strong  enough  and  have  the  right  appear- 
ance without  weighing  too  much.  The  engi- 
neer may  get  information  from  the  research 
and  development  group  about  the  best  com- 
ponents to  use  or  the  best  material  for  the 
housing. 

When  the  assembly  has  been  designed, 
working  drawings  must  be  made  for  all  the 
parts.  Parts  may  be  manufactured  at  com- 
pany plants  or  bought  from  other  companies. 
The  drawings  must  show  the  correct  dimen- 
sions (sizes)  and  tolerances  (how  much  a 
part  may  vary  in  size  and  still  fit  with  other 
parts).  Otherwise,  parts  from  different 
places  will  not  fit  together  when  they  are 
assembled.  Fig.  15-3. 

The  product  design,  the  engineering,  and 
the  drawings  are  evaluated  (tested)  by  build- 
ing a prototype  (working  model).  This  is  a 
single  product  made  from  the  working  draw- 
ings. Any  faults  (errors)  in  the  design  or  in 
the  drawings  will  be  found  in  the  prototype. 
Fig.  15-4.  Errors  are  corrected  by  modifying 
(changing)  the  design  or  improving  the 
drawings.  The  prototype  may  also  give  cost 
information. 

The  engineering  department  must  supply 
other  written  information  and  drawings 
about  the  product.  These  include  instruction 
manuals  for  the  customer,  service  informa- 


Fig.  15-5.  To  make  sure  they  will  last  a long  time,  door 
hinges  are  tested  by  opening  and  closing 
the  refrigerator  doors  thousands  of  times. 


tion  for  repair,  and  warranties  which  tell 
exactly  how  the  product  should  work  and 
how  long  it  should  last,  Fig.  15-5. 


Importance  of  Product  Engineering 

No  matter  how  attractive  a product  is,  it 
will  not  continue  to  sell  well  if  customers  find 
that  it  does  not  perform  (work)  well.  If  elec- 
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IMPORTANT  INSTRUCTIONS 
READ  BEFORE  USING 


General 

Before  plugging  in  unit,  be  sure  your  line 
and  receptacle  are  sufficient  for  the  amperage 
at  which  your  Master  Heat  Gun  or  Master 
Air  Heater  Blower  is  rated  and  cuirent  is  the 
correct  voltage  as  shown  on  name  plate. 
Caution 

Always  keep  front  of  nozzle  at  least  1" 
from  solid  surface  being  heated,  to  prevent 
back  pressure  from  building  up  in  nozzle 
which  will  tend  to  burn  out  the  heating 
element  prematurely. 

When  turning  off,  it  is  advisable  to  switch 
from  “hot”  to  “cold”  and  leave  motor  run 
a few  seconds  to  cool  the  nozzle  before 
shutting  “off.” 

Handle  gun  with  care.  The  ceramic  heating 
element  base  is  fragile  and  may  break  if 
gun  is  dropped  or  handled  roughly. 

To  Adjust  Heat 

Heat  is  adjusted  by  turning  the  shutter 
knob  on  the  air  intake  cover.  Maximum  heat 
is  obtained  by  turning  the  shutter  to  close 
the  air  intake  holes  completely.  The  tempera- 
ture range  produced  by  your  Master  Heat 
Gun  is  based  on  use  in  normal  room  tempera- 


ture. Temperature  produced  will  vary  from 
rating  when  used  in  extremely  cold  or  hot 
conditions. 

To  Change  Elements 

To  replace  the  heater  element,  remove 
nozzle  and  top  housing,  unscrew  old  element 
and  replace  with  new  one.  Be  careful  to  tuck 
wire  between  housing  and  field  so  it  does  not 
come  in  contact  with  the  fan.  Rubber 
washer  must  go  under  the  element.  Ease  the 
nozzle  back  on  straight  so  as  not  to  break 
the  element. 

Warranty  — Parts  and  Repair  Service 

This  gun  was  carefully  inspected  before  it 
left  the  factory  and  constructed  to  give  long 
service.  Should  any  defects  show  up  within 
30  days  after  it  is  put  into  use,  return  it  to 
factory  for  prompt  repair  or  replacement, 
at  no  cost.  This  warranty  does  not  cover 
heater  element  if  not  used  according  to 
directions  or  if  unit  is  damaged  by  accident, 
tampering  or  mishandling.  Use  the  enclosed 
parts  list  for  ordering  replacement  parts. 
Factory  service  is  available.  Ship  unit  by 
best  way,  prepaid,  with  repair  order.  Prompt 
repair  service  is  given. 


Master  Appliance  Corporation 
1745  Flett  Ave.,  Racine,  Wisconsin  53403 


Fig.  15-6.  The  engineering  deparlmenf  must  get  instructions  ready  for  the  customer. 


trical  or  mechanical  parts  fail  too  soon,  or  if 
the  product  does  not  work  smoothly  under 
most  conditions,  customers  will  soon  stop 
buying  the  product.  This  is  one  reason  why 
product  engineering  is  important  to  the  suc- 
cess of  many  manufactured  products. 

Another  reason  for  the  product  engineer’s 
importance  is  his  skill  with  detail  draw- 
ings. Good  drawings  are  very  important.  Our 
mass-production  economy  depends  on  the 
manufacture  of  many  parts  exactly  alike 
that  will  fit  correctly  with  other  parts.  The 


producer  of  one  part  needs  only  the  correct 
drawings  for  that  part.  For  example,  the 
manufacturer  of  the  gears  for  an  electric 
mixer  does  not  need  to  know  how  they  are 
to  be  used.  If  he  has  complete,  accurate  draw- 
ings of  the  gears,  he  can  produce  them  in 
Ohio  to  be  used  in  California. 

Every  automobile  owner  knows  the  impor- 
tance of  instructions  and  service  informa- 
tion, Fig.  15-6.  The  owner  would  not  get  rid 
of  a car  just  because  the  oil  needs  to  be 
changed  or  the  car  has  a flat  tire. 
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Personnel 

In  many  large  plants,  product  engineering 
is  given  to  a large  engineering  department 
or  division,  Fig.  15-7.  Sometimes  this  same 
department  takes  care  of  research  and  de- 
velopment, product  design,  production  plan- 
ning, plant  engineering,  and  production  con- 
trol. In  small  companies  a single  person  may 
do  all  these  jobs. 

The  different  people  in  a product  engineer- 
ing group  may  not  all  have  had  the  same 
schooling.  Engineers  nearly  always  have 
highly  specialized  training  and  college  de- 
grees. Mechanical  engineers  are  trained  to 
choose  materials  and  ■',0  design  power  and 
mechanical  parts,  fastening  devices,  and 
other  machine  elements  (parts) . The  work  of 
many  engineers  is  named  in  their  titles.  For 
example,  there  are  electrical,  chemical,  ce- 
ramic, and  welding  engineers.  All  engineer- 
ing college  students  must  study  mathematics, 
chemistry,  physics,  and  communications 
(English,  including  listening,  speaking,  and 
writing),  in  addition  to  the  courses  in  their 
special  held. 


Rg.  15-7.  large  companies  hire  engineers  with  dif- 
ferent types  of  training. 


The  work  of  designing  certain  mechanical 
and  power  parts  is  often  called  machine  de- 
signing. Machine  designers  may  be  engineers. 

Technicians  have  training  similar  to  that 
of  engineers.  They  study  less  mathematics 
and  physics,  but  they  have  more  practical 
training.  An  electrical  technician,  for  ex- 
ample, is  better  trained  to  wire  a circuit  than 
is  an  electrical  engineer. 

Drawings  are  often  made  by  engineers  and 
technicians,  but  the  people  specially  trained 
for  this  work  are  draftsmen.  If  drawing  is 
all  they  do,  they  may  have  only  a high  school 
education.  They  may  also  have  training  given 
on  the  job  by  the  company  for  which  they 
work. 

A product  engineer  sometimes  helps  write 
instructions  and  service  manuals.  People 
with  several  other  kinds  of  training  usually 
combine  their  skills  to  produce  the  manuals : 
wnters,  illustrators,  and  editors.  Fig.  15-8. 
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Rg.  15-8.  Special  talent  Is  necessary  to  be  a good 
illustrator.  This  is  a cutaway  rendering  of  a 
boiling  water  reactor. 
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These  specialists  all  need  to  understand  how 
the  product  works.  A product  engineer  gives 
them  data  (information)  or  explains  how  a 
product  works.  He  himself  may  do  some  of 
the  writing.  For  a highly  technical  (sophisti- 
cated) product  like  a rocket,  his  job  in  writ- 
ing manuals  may  be  very  important. 

Summary 

Product  engineering  completes  the  work  of 
the  product  designer.  Mechanical  and  power 
parts  are  chosen  or  designed.  Drawings  and 
prototypes  are  made.  Instruction  and  service 
manuals  are  written.  Engineers  with  differ- 
ent training  work  in  product  engineering. 
The  engineers  are  helped  by  technicians, 
draftsmen,  writers,  illustrators,  and  other 
specialists. 
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Terms  to  Know 

function 

instruction  manuals 

product  engineer 

service  information 

exterior 

warranties 

detail  drawings 

perform 

specifications 

mass-production 

modified 

economy 

elements 

mechanical  engineers 

assemblies 

electrical  engineers 

interior 

ceramic  engineers 

working  drawings 

chemical  engineers 

prototype 

welding  engineers 

technical  writing 

machine  designing 

and  illustrating 

technicians 

housing 

draftsmen 

dimensions 

writers 

tolerances 

illustrators 

evaluated 

editors 

faults 

data 

sophisticated 


Think  About  It! 

1.  Why  are  writers,  illustrators,  and  editors 
needed  to  help  prepare  service  manuals  ? 

2.  What  should  you  do  if  a wheel  bearing  on 
your  bicycle  failed  before  the  warranty 
period  on  parts  and  service  had  run  out? 
After  it  had  run  out? 
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Designing 
Power  Elements 

Suppose  the  product  appearance  has  been 
decided  on  and  approved.  If  there  are  any 
internal  (inside)  working  parts,  they  must 
now  be  designed  and  engineered.  The  main 
work  of  the  product  engineer  usually  begins 
at  this  time.  But  even  during  the  early 
stages  of  product  design,  he  must  think 
about  internal  parts,  Fig.  16-1.  Can  you  im- 
agine what  a power  lawn  mower  would  look 
like  if  the  internal  parts  were  not  thought 
about  when  the  external  (outside)  features 
were  being  designed? 

One  of  the  product  engineer’s  jobs  is 
choosing  the  exact  location,  size,  and  horse- 
power of  a power  unit.  The  engineer  who 
specializes  in  this  kind  of  product  engineer- 
ing knows  a great  deal  about  engines  and 
motors.  He  knows  a lot  about  the  mechanical 
devices  that  transmit  (pass  along)  power. 
He  also  works  with  mechanisms  like  tracks 
that  carry  a filing  cabinet  or  desk  drawer. 


Rg.  16-1.  I»  would  bo  herd  fo  design  the  locomotive 
that  this  diesel  engine  will  drive  without  olso 
thinking  about  the  engine. 


This  reading  will  cover  the  steps  in  de- 
signing and  engineering  power  units.  You 
will  also  learn  about  the  elements  of  an  as- 
sembly that  connect  the  power  unit  to  the 
working  parts  of  the  product. 

Determining  the  Power  Requirements 

The  first  step  in  designing  a power  unit 
is  to  find  out  how  much  horsepower  is  needed 
to  do  the  work  of  the  product.  In  a washing 
machine  we  have  to  find  out  the  maximum 
(most)  amount  of  power  needed  at  any  one 
time  during  an  entire  cycle  (operation)  of 
the  machine.  The  engineer  can  figure  this 
maximum  power  mathematically. 

The  next  step  in  designing  a power  unit 
is  to  find  out  how  much  power  is  needed  to 
overcome  resisting  forces,  Fig.  16-2.  For 


Rg.  16-2.  The  power  units  In  this  log  looder  must  be 
able  to  overcome  all  normal  Internol  ond 
externol  forces.  To  this  most  be  added  o 
sofety  foclor  omount  for  overlood,  emer- 
gency, etc. 
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example,  several  working  parts  of  the  prod- 
uct may  come  into  contact  with  each  other. 
When  they  do,  a force  is  produced  that 
slows  down  and  wears  out  the  working 
parts.  This  resisting  force  is  called  friction. 
We  must  overcome  the  friction  between  the 
parts  that  are  transmitting  the  power  from 
the  motor  to  the  working  parts.  These 
transmitting  parts  may  be  gears,  belts,  roll- 
ers, drive  shafts,  and  other  devices. 

Finally,  there  must  be  power  for  operat- 
ing the  controls.  An  automatic  washer  uses 
power  to  operate  several  controls  during  the 
machine  cycle.  Some  examples  of  these  pow- 
ered controls  are:  the  opening  and  closing 
of  valves,  starting  and  stopping  devices, 
timing  devices,  and  warning  devices.  The 
power  for  these  controls  must  be  figured  by 
the  engineer. 

Safety  Factor 

After  the  product  engineer  has  figured  all 
the  power  needs,  he  must  next  figure  out 
the  safety  needs.  If  he  built  a machine 
with  a power  unit  based  only  on  the  power 
needs  we  have  discussed  so  far,  he  would  be 
taking  an  unwise  risk.  Fig.  16-2.  For  exam- 
ple, if  an  elevator  could  lift  ten  people,  the 
power  unit  could  be  designed  for  this  load 
only,  but  this  would  not  be  very  safe  if 
twelve  people  got  on  the  elevator.  A safety 
factor  (condition  that  makes  sure  the  prod- 
uct is  safe  to  use)  must  be  built  into  the 
design. 

A safety  factor  may  be  large  or  small.  It 
depends  on  the  type  of  product  being  de- 
signed. For  a small  hand  drill,  the  safety 
factor  is  very  low.  When  human  lives  are 
involved,  as  in  airplanes,  elevators,  and 
automobiles,  the  safety  factor  must  be  very 
high.  The  engineer  must  build  in  enough  ex- 
tra power  and  strength  to  take  care  of  a 
possible  overload.  For  example,  a four- 
engine  airplane  is  designed  and  engineered 
to  fly  on  only  two  engines  in  an  emergency, 
after  the  other  two  engines  fail. 

A safety  factor  is  some  number  greater 
than  one.  The  normal  power  requirement  is 
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multiplied  by  this  safety  factor.  For  exam- 
ple, a ten-horsepower  motor  might  be  needed 
to  run  a machine,  overcome  internal  fric- 
tion, and  operate  the  controls.  If  the  safety 
factor  for  this  machine  is  1.5  (1V2),  a 
fifteen-horsepower  unit  will  be  used  (10  X 
11/2  = 15). 

Over-Engineeringr 

Over -engineering  means  that  the  power 
unit  put  into  a product  is  far  greater  than 
necessary.  Fig.  16-3.  This  happens  when  the 
engineer  builds  in  too  large  a safety  factor 
or  makes  an  error  in  calculation  (figuring). 
Too  much  power  is  just  as  bad  as  too  little 
power.  More  horsepower  means  a higher 
price  for  the  power  unit.  It  also  means  the 
customer’s  operating  costs  will  be  higher. 
The  engineer  must  think  about  the  cost  of 
the  power  unit  when  he  is  designing  the 
“right”  size. 


The  Power  Train 

The  elements  (parts)  that  connect  the 
power  unit  to  the  working  parts  of  a machine 
are  called  the  power  train.  Motors  and  en- 
gines often  run  at  much  higher  speeds  than 


Fig.  16*3.  The  engineer  should  not  over-engineer 
a producr. 
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V the  speeds  needed  by  the  working  parts, 

I Fig.  16-4.  In  a washing  machine,  for  exam- 

pie,  there  must  be  a system  of  gears,  belts, 
I levers,  and  pulleys  to  give  a slow  recipro- 
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Fig.  16-4.  This  gas  turbine-powered  engine  drives  the 
generator  through  a reduction  gear  box. 


eating  (back-and-forth)  motion  to  the  agi- 
tator. Other  gears  and  clutches  are  needed 
so  the  same  motor  can  spin  the  tub  at  high 
speed  to  remove  water.  The  product  engi- 
neer must  plan  the  power  train  for  a new 
product.  He  may  modify  (change)  an  ex- 
isting plan,  or  he  may  design  a special  one 
for  the  product. 


Selecting  the  Type  of  Power  Unit 

The  product  engineer  sometimes  may 
have  to  select  (choose)  the  kind  of  power 
unit.  Should  it  operate  on  gasoline  (Fig. 
16-5),  diesel  fuel,  or  perhaps  electric  current 
(Fig.  16-6)  ? The  engineer  must  study  the 
costs  of  each  kind  of  power  to  find  out  what 
type  of  unit  will  be  the  least  expensive. 
Sometimes  the  choice  is  limited.  Figs.  16-7, 


! 

t 

.<■ 


t 

? 


Fig,  16-S.  This  die-costing  operation  is  producing  six-  Fig.  16-7.  Huge  oil-burning  engines  ore  needed  to 
cylinder  gosoline  engines.  move  these  barges  through  the  wofer. 
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Fig.  16*8.  This  vehicle  is  powered  by  a rechargeable 
battery. 


Fig.  16*9.  Hand  grinders  may  be  powered  by  air. 


16-8,  and  16-9.  For  example,  if  a product  is 
to  operate  in  a wilderness  where  there  is 
no  electrical  energy,  an  electrical  power  unit 
cannot  be  used.  A similar  problem  can  be 
found  in  some  manufacturing  plants.  It  may 
be  impossible  or  unsafe  to  use  a particular 
kind  of  power  unit  to  do  a certain  job.  The 
product  engineer  must  know  about  such 
problems  and  know  how  to  solve  them. 

When  the  engineer  studies  the  costs  of 
different  designs,  he  thinks  about  two  main 
kinds  of  costs.  One  is  the  combined  cost  of 
all  tools,  equipment,  hardware,  and  installa- 
tion. The  other  is  the  cost  of  operation, 
maintenance,  repair,  and  replacement.  By 
comparing  costs,  the  engineer  can  select  the 
least  expensive  design.  For  example,  diesel 
engines  are  not  often  used  in  passenger 
automobiles  because  the  engines  cost  so 
much.  But  they  are  often  used  for  large 
trucks  and  buses  since  the  lower  fuel  cost 
makes  up  for  the  high  cost  of  the  engines. 


Summary 

Many  products  like  eyeglasses,  waste- 
baskets, and  coffee  cups  do  not  need  power 
units.  For  those  products  that  do,  the  prod- 
uct engineer  completes  the  product  design 
by  engineering  the  working  parts  such  as 
power  units  and  power  trains.  The  engineer 
must  first  find  out  how  much  power  is 
needed  to  operate  the  entire  machine 
through  its  cycle.  He  adds  enough  extra 
power  to  take  '•are  of  any  emergency.  These 
figures  tell  how  much  horsepower  the  prod- 
uct needs  to  operate.  The  engineer  then 
may  have  to  choose  between  types  of  power 
units;  for  example,  between  an  electric 
motor  and  a gasoline  engine.  Finally,  he 
must  locate  the  power  unit  (or  units)  in  the 
product  so  that  they  take  up  the  least 
amount  of  space  and  still  operate  at  maxi- 
mum efficiency. 


Terms  to  Know 

internal 

external 

horsepower 

power  unit 

transmit 

maximum 

cycle 

resisting  forces 
friction 

operating  the  controls 


safety  factor 

overload 

over-engineering 

calculation 

elements 

power  train 

reciprocating 

modify 

select 
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Think  About  It! 

1.  How  much  of  a safety  factor  has  been  2.  How  would  you  decide  whether  an  elec- 
built  into  your  family’s  automobile?  trically  operated  football  game  should 

What  features  of  the  car  increase  the  operate  on  batteries  or  house  current? 

safety  factor? 
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Making 

Working  Drawings 


Suppose  a product  has  been  designed. 
Drawings  which  describe  the  product  are 
now  made.  They  must  be  complete  and  ac- 
curate. They  are  called  working  drawings. 
Many  groups  work  with  them.  The  draw- 
ings help  shop  men  to  build  the  production 
prototype.  Production  planners  and  con- 
trollers study  them  as  they  get  ready  for 
production.  Production  workers  use  them 
when  they  manufacture  and  assemble  (put 
together)  the  product  parts. 


working  drawings  includes:  (1)  drawings  of 
individual  parts,  called  detail  drawings^  (2) 
drawings  of  assembled  parts,  called  assem- 
bly drawings;  and  (3)  drawings  of  different 
systems,  called  systems  drawings. 

Detail  Drawings 

Detail  drawings  of  a part  must  show  its 
shape  and  give  its  size.  Fig.  17-2.  Detail 
drawings  also  include  notes  giving  extra  in- 
formation. 


Types  of  Working  Drawings 

Some  manufactured  products  like  gasoline, 
hair  oil,  shoe  polish,  and  ice  cream  do  not 
need  working  drawings.  Their  packages  and 
containers  need  working  drawings,  but  the 
products  inside  them  do  not.  Most  other 
products  we  use  and  handle  each  day  are 
either  (1)  a single  piece  of  material,  or  (2) 
a series  of  parts  which  have  been  assembled. 
A coin,  such  as  a nickel,  is  a product  which 
is  a single  piece  of  material.  A bicycle  is  a 
product  made  of  several  parts  which  have 
been  assembled. 

Some  products,  like  automobiles,  have 
many  parts  and  one  or  more  systems,  Fig. 
17-1.  A system  may  be  thought  of  as  a closed 
path  through  which  something  flows.  An  ex- 
ample is  the  electrical  system  of  an  automo- 
bile. Electric  current  flows  through  the  sys- 
tem to  operate  the  headlights,  starter,  en- 
gine, and  radio. 

You  may  think  about  the  physical  features 
of  a product  at  three  levels:  single  parts, 
parts  assembled  in  groups,  and  systems.  The 
drawings  from  which  the  product  will  be 
made  must  include  all  three  levels.  A set  of 


Fig.  17-1.  Most  of  the  nearly  25,000  ports  in  on  auto- 
mobile need  a separate  detail  drawing. 

3 


Fig.  17-Z  Detail  drawing  of  a bicycle  chain  link. 
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Fig.  17-3.  An  assembly  drawing  for  a drill  press  vise. 


The  shape  of  a part  is  shown  by  drawing 
one,  two,  or  several  views  of  the  part.  Every 
solid  object  has  three  basic  dimensions,  often 
called  width,  height,  and  depth.  Each  view  in 
a detail  drawing  shows  only  two  of  the  three 
basic  dimensions.  Usually  at  least  two  views 
of  a part  are  drawn.  A drawing  which  shows 
two  or  more  views  is  called  a multiview 
drawing. 

The  exact  size  of  a part  is  given  by  dimen- 
sioning (writing  the  basic  dimensions  on) 
the  multiview  drawing.  The  dimensions  must 
give  the  overall  size  of  the  part,  the  size  of 
every  feature  on  the  part,  and  the  location 
of  every  feature  on  the  part. 

After  a dimensioned  multiview  drawing 
has  been  made,  notes  must  be  added  to  finish 
the  detail  drawings.  Notes  include  such  in- 
formation as:  (1)  the  kind  of  material  from 
which  the  part  should  be  made,  (2)  how 
many  of  the  part  should  be  made,  (3)  what 
operations  should  be  used  in  making  the 
part,  and  (4)  how  nearly  perfect  the  manu- 
factured part  must  be  made. 


Assembly  Drawings 

Assembly  drawings  show  how  a product 
will  look  when  all  the  parts  are  assembled. 
They  may  show  how  a major  section  of  the 
product  will  look  when  it  is  assembled.  They 
may  also  show  how  to  put  the  parts  together. 

Assembly  drawings  may  be  multiview 
drawings.  Fig.  17-3.  They  may  also  be  pic- 
torial drawings.  Pictorial  drawings  show  all 
three  basic  dimensions  in  a single  view. 

Assembly  drawings  often  include  refer- 
ence letters  (or  numbers)  which  identify 
each  part.  Many  assembly  drawings  include 
a parts  list  which  gives  the  reference  letter 
or  number  and  the  name  of  each  part.  They 
may  also  give  dimensions  to  show  where  each 
part  is  located.  Usually  only  a few  important 
dimensions  are  given  on  assembly  drawings. 

Many  products  are  so  complicated  that  no 
one  can  understand  a single  assembly  draw- 
ing of  the  whole  product.  Imagine  a single 
drawing  which  shows  all  the  parts  of  an 
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automobile  assembled  together ! The  drawing 
would  look  like  a lot  of  meaningless  lines. 
For  a product  with  many  parts,  drawings 
are  made  for  each  of  the  main  units,  such  as 
the  transmission  and  engine.  There  will  also 
be  an  assembly  drawing  of  the  outlines 
(basic  shapes)  of  the  main  units  and  a set  of 
assembly  instructions. 


Systems  Drawings 

Many  manufactured  products  have  one  or 
more  systems,  such  as  an  electrical  or  hy- 
draulic system.  Each  system  is  usually 
shown  on  a separate  drawing.  Systems  are 
usually  not  drawn  as  they  really  look!  They 


are  drawn  as  schematic  diagrams,  Fig.  17-4. 
This  means  that  single  lines  and  symbols 
(signs)  are  used  to  picture  parts  of  the 
system. 


Preparing  Working  Drawings 

After  the  product  design  solution  has  been 
accepted  by  management,  any  needed  me- 
chanical and  power  details  are  worked  out. 
Then  working  drawings  are  made.  They  are 
based  on  layouts,  drawings,  sketches,  and 
notes  of  product  designers  and  engineers. 
Working  drawings  are  made  in  the  engineer- 
ing department  by  draftsmen,  designer.®,  en- 
gineers, or  technicians. 
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The  draftsman  prepares  working  draw- 
ings at  a drafting  table.  A drafting  machine 
or  a parallel  straightedge  is  usually  attached 
to  his  table.  The  original  (first)  drawings 
are  usually  made  with  a special  drafting 
pencil.  They  may  be  done  on  tracing  paper, 
specially  made  papers,  or  plastic  films. 


Revising  and  Releasing 
Working  Drawings 

Supervisors  check  the  original  drawings. 
Then  they  are  sent  to  a copy  room  where 
multiple  copies  (prints)  are  made.  These 
prints  will  be  used  by  the  men  who  build 
the  prototype.  Fig.  17-5.  They  will  also  be 
used  by  engineers  in  production  planning  and 
control.  Sometimes  during  this  stage,  errors 
are  found  or  suggestions  are  made.  Then  the 
working  drawings  are  revised  (changed). 
Copies  of  the  revised  drawings  are  made  and 
released  for  use.  The  working  drawings  are 
used  by  production  workers,  by  all  produc- 
tion control  and  quality  control  people,  and 
by  supervisors.  Working  drawings  are  im- 
portant company  records.  The  original  draw- 
ings are  carefully  stored  in  case  they  are 
needed  later  on. 


Rg.  17-5.  A detail  drowing  for  each  part  gives  the 
dimensions  of  the  port  and  how  nearly 
perfect  it  must  be. 


Drawings  for  Outside  Contracts 

Sometimes  parts  or  assemblies  i;re  made 
by  other  companies  {subcontractors}.  Work- 
ing drawings  must  be  made  for  the  parts  or 
assemblies  that  will  be  subcontracted  (made 
by  other  companies).  First,  a subcontractor 
is  chosen  and  an  agreement  with  him  (cott- 
tract)  is  reached.  Then  the  drawings  be- 
come part  of  the  contract.  This  means  that 
the  company  which  got  the  order  must  make 
the  parts  exactly  as  they  are  shown  on  the 
drawings.  Any  changes  in  the  drawings  must 
be  renegotiated  (agreed  upon  again)  by  the 
two  companies. 


Computerized  Drafting 

In  the  near  future,  working  drawings  will 
be  made  by  computerized  machines  (ma- 
chines run  by  computers).  Drawings  can  be 
made  today  by  these  machines,  but  the  ma- 
chines are  still  being  developed.  Most  draw- 
ings are  still  made  by  people  at  drafting 
tables  with  straightedges  and  pencils.  As 
you  can  see,  there  will  be  a need  in  the  future 
for  persons  who  can  program  (write  out  the 
steps  to  be  followed)  the  machines  to  make 
the  drawings. 


Summary 

Working  drawings  are  very  precise  de- 
scriptions of  products.  They  are  used  by  men 
who  plan  production  as  well  as  by  men  who 
make  the  product. 

A set  of  working  drawings  includes  detail 
drawings,  assembly  drawings,  and  systems 
drawings.  Working  drawings  give  informa- 
tion about  shape,  size,  materials,  and  manu- 
facturing directions. 

Working  drawings  are  prepared  by  drafts- 
men and  other  engineering  personnel.  In  the 
near  future,  more  use  will  be  made  of  com- 
puters in  making  working  drawings. 
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Working  Drawings 


Think  About  It! 

1.  ^Vhat  products  can  you  ftr.a  in  your  home 
that  are  examples  of 

a.  a single  piece  of  material? 

b.  a series  of  assembled  parts? 

c.  a system? 

2.  Most  model  kits  of  airplanes,  cars,  or 
ships  have  assembly  drawings  to  help  you 
put  them  together.  Examine  one  of  these 
closely.  How  well  does  it  fit  the  descrip- 
tion of  an  assembly  drawing  in  this  read- 
ing? 


Terms  to  Know 
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Building 
the  Production 
Prototype 

Prototypes  are  built  just  before  a final 
product  design  is  chosen.  They  are  tested 
and  may  be  redesigned  (done  over  again) 
before  production  plans  are  started.  Both 
management  and  future  consumers  may 
look  over  prototypes  before  a final  design  is 
chosen.  The  designers  and  engineers  use 
prototypes  to  test  their  product.  Engineering 
and  production  personnel  use  them  in  plan- 
ning their  future  work. 


Nature  of  a Prototype 

A prototype  is  a full-scale  working  model 
of  a new  product.  It  is  built  from  working 
drawings.  Testing  the  prototype  may  show 
that  changes  are  needed,  Fig.  18-1.  Then  the 
working  drawings  are  revised  (changed). 
Revision  (changing)  of  prototype  and  draw- 
ings goes  on  until  the  design  is  ready  for 
production  planning. 

Prototype  units  or  subunits  of  a whole 
machine  are  often  built  before  the  whole 
machine  is  completed.  Then  tests  can  be 
run  on  each  unit,  and  the  results  analyzed 
(studied).  Fig.  18-2.  If  a redesign  is  needed, 
changes  in  one  unit  can  be  made  while  other 
units  are  being  prototSTJed  and  tested. 


Building  Prototypes 

Building  prototypes  is  very  expensive. 
The  high  cost  is  due  mostly  to  wages  paid  to 
skilled  craftsmen  who  make  the  prototype 
parts.  Purchased  parts  used  for  the  proto- 
type also  are  costly.  If  these  parts  do  not 
come  in  on  time,  it  is  very  costly  to  have 
incomplete  parts  taking  up  important  floor 


space  in  the  factory.  So,  the  timing  (mak- 
ing sure  parts  are  ready  to  be  used  on 
time)  and  the  scheduling  (making  sure 


Rg.  1ft- 1.  Prototypes  of  new  oirplones  ore  tested  in 
the  air  for  mony  hours  before  production. 


Rg.  18-Z  Sub-units  may  be  built  and  tested  seporatefy 
before  a prototype  is  assembled. 
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parts  get  from  one  place  to  the  next  on 
time)  for  the  manufacture  of  prototypes  are 
very  important. 

Usually,  skilled  workers  make  the  proto* 
type  parts.  They  use  general  purpose  ma- 
chine tools  and  equipment  There  are  special 
manufacturing  problems  in  building  one-of- 
a-kind  parts  or  units.  They  are  also  very 
expensive  to  make. 

The  prototype  parts  should  be  as  much 
like  the  production  parts  as  possible.  A 
prototn>e  with  parts  made  by  hand  often 
works  differently  than  one  made  from  pro- 
duction parts. 

Where  parts  must  fit  together  (espe- 
cially moving  parts),  totermees  and  oUow- 
ances  are  important  A dimension  (size) 
that  is  off  by  a few  thousandths  of  an  inch 
may  cause  the  prototype  to  work  poorly,  or 
it  may  even  keep  it  from  working  at  all. 
This  is  especially  true  for  small  working 
parts  used  in  computers  and  business  ma- 
chines or  in  a car’s  automatic  transmission. 

While  the  protoQrpe  is  being  built  a rec- 
ord is  usually  kept  of  the  changes  made  in 
parts.  This  is  done  so  that  the  working 
drawings  may  be  changed.  Often  a quality 
control  or  quality  assurance  group  (those 
checking  for  poorly  manufactured  parts) 
inspects  (checks)  all  proto^rpe  parts  before 
they  are  assembled. 


Rg.  18-3.  Tests  are  mode  on  new  automobile  shock 
absorbers  to  see  how  long  they  lost. 


Testing:  the  Prototype 

After  the  prototype  has  been  built  It  is 
tested  by  the  men  in  the  shop  who  built  it 
The  next  step  is  acceptance  testing  of  the 
prototype.  This  is  done  by  the  engineering 
group  who  made  the  design.  Very  often  the 
engineering  group  wants  a number  of  dif- 
ferent tests  to  be  made  either  on  the  sepa- 
rate prototype  units  or  on  the  complete 
product  Fig.  18-3.  Test  results  (outcomes 
of  each  test)  become  part  of  the  permanent 
record  of  each  product  draign. 


Preprodnetion  Planning 

Manufacturing  problems  of  the  prototype 
often  become  a part  of  the  preproduction 
planning  of  the  final  product  Sometimes  the 
prototype  parts  can  be  used  for  preproduc- 
tion planning.  This  is  done  by  scheduling  the 
prototype  parts : 

1.  Through  a process  planning  group  to 
decide  on  the  steps  to  be  taken  {se- 
quence) , 

2.  Through  a tool  design  group  to  find 
out  what  machines  and  tooling  (special 
devices)  may  be  needed  for  future 
manufacturing, 

3.  Through  a production  control  group  to 
set  up  schedules,  and 

4.  Through  a time  study  group  to  find 
out  how  much  time  is  needed  to  make 
the  parts. 

The  marketing  and  sales  groups  have  a 
great  interest  in  the  prototype.  Tliey  must 
show  the  product  to  future  customers.  Sup- 
pose the  product  is  office  machinery  or  dic- 
tating equipment.  The  groups  must  decide 
whether  the  consumer  will  accept  its  per- 
formance (how  well  the  product  does  what 
it  is  supposed  to  do). 

Comparing  total  cost  with  the  suggested 
size  of  the  market  is  often  important.  A 
prototsrpe  is  useful  to  the  research  people. 
They  survey  the  market  to  find  out  if  future 
sales  will  pay  for  more  developments. 


Building  the  Production  Prototype 
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Need  for  a Prototype 

A good  reason  for  making  prototypes  is 
to  make  sure  that  the  planned  manufactur- 
ing steps  are  followed.  These  steps  use  a 
set  of  drawings  to  make  a finished  product. 
The  product  must  meet  the  needs  of  the 
customer.  To  make  sure  that  all  consumer 
needs  are  met,  the  prototype  must  be 
checked  for  performance,  Fig.  18-4.  If  it  does 
not  perform,  it  must  be  debugged.  Debug- 
ging means  correcting  all  mistakes  in  the 
design  and  in  the  manufacture  of  the  pro- 
totype. 

A prototype  also  helps  the  manufacturing 
engineers  make  sure  that  the  factory  floor 
space  and  the  machinery  can  be  used  for 
making  parts.  Fig.  18-6.  Very  often  the 
actual  making  of  prototype  parts  in  the 
plant  brings  out  unexpected  manufacturing 
problems.  Then,  either  new  equipment  or 
new  planning  is  needed. 

The  appearance  of  a proto^rpe  is  often 
changed.  For  example,  on  a sewing  machine, 
lights  with  covers  may  be  added  to  protect 
the  operator  from  having  an  accident.  Add- 
ing ^ese  lights  changes  the  final  design 
appearance  of  the  sewing  machine. 


Fig.  18-4,  This  prototype  of  o spoce  copsule  ejection 
porochute  is  rested  on  o dummy  to  see  if 
the  porochute  will  open. 


Human  engineering  (making  the  product 
so  that  it  can  be  handled  or  used  by  people) 
needs  prototype  testing.  Suppose  the  prod- 
uct is  a machine  and  the  operator  must  push 
buttons.  Testing  may  show  that  the  buttons 
are  too  far  apart.  Levers  may  be  too  hard  to 
push  or  pull.  The  height  from  the  floor  may 
force  an  operator  to  stoop  or  stretch. 

Field  Testing  the  Prototype 

Suppose  the  manufacturer  has  built, 
tested,  and  tried  out  his  new  model  of  a 
product.  Then  he  lets  some  customers  actu- 
ally use  it  in  the  way  the  product  itself  will 
be  used  (field  tests).  Fig.  18-6.  This  is  per- 


Fig.  18-5.  Possible  production  problems  ore  often 
solved  by  pilot  plant  operotion,  in  the  process 
industries,  before  full-scole  plonts  ore  built. 
This  is  port  of  the  equipment  in  o pilot  plont 
which  mokes  use  of  o hydrogen-omine  ex- 
chonge  process  in  the  production  of  heavy 
water. 


Fig.  18-6.  Sofety  of  new  products  must  be  tested.  Hond 
soop  is  tested  for  mildness. 
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haps  the  hardest  test  that  the  prototype  will 
get  If  a product  passes  field  tests  and  is 
accepted  by  a normal  sampling  of  custom- 
ers, then  full  production  can  start 


Summary 

Prototypes  are  full-scale  working  models 
of  a product  They  are  made  to  test  per- 
formance and  consumer  acceptance  and  to 
help  solve  production  problems.  Information 
found  in  testing  the  prototype  is  used  to  get 
ready  for  production. 

When  changes  are  made  on  a prototype, 
the  working  drawings  are  corrected  to  show 
these  changes  exactly.  A prototype  model 
and  the  drawings  may  be  studied  by  many 
groups  in  the  manufacturing  plant  The 
manufacturing  engineers  use  prototypes  to 
choose  processes  or  to  plan  floor  space. 


Terms  to  Know 

prototypes 

redesigned 

revised 

revision 

subunits 

analyzed 

timing 

scheduling 

one-of-a-kind  parts 

tolerances 

allowances 

dimension 

quality  control 

Think  About  It! 


quality  assurance 
inspects 

acceptance  testing 
test  results 

preproduction  planning 

sequence 

tooling 

production  control 
time  study 
performance 
debugged 

human  engineering 
field  tests 


1.  Why  would  management  or  future  con- 
sumers want  to  look  at  prototypes  of 
products  before  final  designs  are  chosen? 

2.  Do  you  think  there  was  ever  a prototype 
of  this  book?  Was  it  field  tested?  Have 
you  found  any  bugs  in  it? 
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Technical  Writing 
and  Illustrating 

You  have  seen  how  an  idea  is  developed 
into  a design  solution.  You  have  followed  the 
steps  leading  to  the  decision  to  manufacture 
the  product.  While  production  is  being 
planned,  technical  writers  and  illustrators 
also  start  an  important  job. 


'•!  


ings)  point  out  dangers  to  the  people  who 
work  with  a product  Precautions  about 
correct  use  often  are  stressed  in  the  instruc* 
tions.  Warnings  may  appear  on  plates  fas* 
tened  to  a product  near  the  danger  area.  This 
information  is  given  to  keep  the  customer 
from  harming  himself  or  the  product 


Product  Information 

Technical  writers  put  into  words  many 
kinds  of  information.  For  consumers,  they 
write  about  the  product  and  how  to  handle 
it  They  may  write; 

1.  Unpacking  and  assembling  instructions, 

2.  Operating  instructions, 

3.  Safety  precautions, 

4.  Emergency  steps,  and 

5.  Maintenance  steps. 

Not  all  of  these  are  needed  for  every  kind  of 
product.  One  page  of  instructions  sent  with  a 
food  mixer  may  be  enough.  A machine  tool 
or  printing  press  may  need  several  books 
{manuals)  to  cover  all  the  needed  informa- 
tion. 

The  manufacturer  gives  instructions 
(written  directions  that  tell  how  to  put  to- 
gether and  use  the  product)  to  help  the 
buyer.  Fig.  19-1.  The  customer  who  follows 
instructions  closely  should  get  the  best  per- 
formance from  the  product,  for  the  longest 
possible  time,  with  the  fewest  repair  bills. 
This  customer  brings  few  problems  back  to 
the  manufacturer.  A customer  who  is  well 
informed  about  the  product  seldom  needs 
help.  Instruction  manuals  must  inform  the 
customer  about  the  product. 

Since  it  is  very  hard  (maybe  impossible) 
to  design  a product  that  will  not  cause  injury 
through  misuse,  safety  precautions  (warn- 
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INSTRUCTIONS  AND  PARTS  LIST 
OF  THE 

C 

BOSTITCH  STAPLERS 


WWrt  m need  of  Fortt  or  Strviet 
Cofitoct  Your  Botfifdi  Oittnbvfor. 
Ym  ««  And  -BOSriTCH*  tntffd  in 
boo*«  of  metr  large  e>«t 


Fig.  19-1.  Every  product  that  must  be  assembled  needs 
instructions.  Every  product  that  will  need  re- 
placement ports  also  needs  a ports  list. 
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Fig,  19-Z  Product  information  for  customers  may  be 
written  in  an  advertising  department. 


Rg.  19*3,  Technical  writers  an^  ^lustrators  prepare 
manuals  that  give  operating  Instructions  and 
safety  precautions. 


The  Technical  Writer 

A technical  writer  may  be  an  engineer  or 
technician  who  can  write  well.  He  may  be  a 
writer  who  understands  technical  things.  In 
some  companies,  he  works  in  the  engineering 
department.  Here  he  can  be  near  the  de- 
signers and  engineers  who  have  technical 
information.  In  other  companies  product  in- 
formation for  customers  is  written  in  the 
advertising  department,  Fig.  19-2.  In  these 
companies  the  writer  is  closer  to  the  cus- 
tomers, so  he  is  better  able  to  decide  what 
the  customers  need.  Some  small  manufactur- 
ing companies  do  not  hire  writers.  They 
subcontract  the  work  with  companies  that 
do  technical  writing  for  others. 


Writing  foi  the  Customer 

As  soon  as  management  approves  a new 
product,  the  technical  writer’s  work  begins. 
All  instructions  and  precautions  should  be 
ready,  in  printed  form,  when  the  first  prod- 
ucts are  ready  for  shipment.  Fig.  19-3. 

Information  must  be  written  so  that  it  is 
simple  and  clear.  The  customer  needs  to 
understand  the  explanations,  but  he  may  not 
know  the  engineer’s  technical  language. 
Complicated  sentences  and  technical  terms 
may  confuse  him. 

Instructions  for  installing,  operating,  and 
maintaining  the  product  must  be  accurate 
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and  complete.  Service  manuals  should  list  all 
the  product  parts.  For  standard  parts,  such 
as  nuts  and  bolts,  sizes  are  given  so  that  the 
customer  can  buy  them  at  a local  hardware 
store. 

The  terms  of  the  product  guarantee  or 
warranty  (promising  satisfactory  perform- 
ance) should  be  included.  The  manufactur- 
er’s legal  department  helps  write  this  state- 
ment, Fig.  19-4. 


Technical  Illustrating: 


Technical  Writing  and  Illustrating 

Illustrations  may  be  drawn  by  draftsmen. 
For  illustrations  beyond  the  skill  of  a drafts- 
man, an  illustrator  or  artist  may  be  needed. 


No  matter  how  well  it  is  done,  writing 
cannot  completely  describe  most  products. 
Illustrations  must  be  added  to  make  an  in- 
struction manual  useful.  Fig.  19-6.  illustra- 
tions include  photographs,  sketches,  dia- 
grams, or  drawings  chosen  to  picture  an 
idea. 

For  complicated  products,  engineering 
drawings  are  needed.  These  are  specially 
made  drawings  or  artists’  sketches  to  show 
up  hidden  parts.  Fig.  19-6.  Special  drawings 
and  sketches  may  use  any  of  the  techniques 
used  by  draftsmen.  For  products  used  in 
the  home,  pictorial  exploded-view  drawings 
(parts  spread  apart)  are  very  useful. 


Fig.  19-4.  A warranty  promises  satisfactory  perform- 
ance. If  must  be  written  very  carefully. 


ALUMINUM  COMPANY  OF  CANADA.LTO 

Fig.  19-5.  This  is  an  illustration  of  a floating  alu- 
minum dock. 


Fig.  19-6.  This  is  a cutaway  drawing  of  an  AC  motor. 
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Fig.  19-7.  Some  companies  have  their  own 
technical  illustration  department  Others 
have  their  w’ork  done  by  commercial  studios. 
The  illustrator  \vorks  closely  with  a technical 
writer  who  decides  which  parts  of  the  writ- 
ing need  illustrations. 

A draftsman  may  redraw  the  company’s 
own  working  drawings  for  use  in  a manual. 
He  will  take  out  dimensions  and  other  pro- 
duction information.  He  will  leave  in  only 
the  lines  that  show  how  to  operate  or  service 
the  product,  Fig.  19*8.  Artists  or  illustrators 
make  pictorial  illustrations  from  engineering 
drawings.  They  retouch  photographs  to  block 
out  background  and  highlight  details.  They 
use  air  brushes  and  other  specialized  equip- 
ment. Their  purpose  is  always  to  do  illustra- 
tions that  will  make  the  written  text  clearer, 
Fig.  19-9. 


Technical  Editing 

An  instruction  manual  (booklet)  must  be 
designed  and  engineered.  The  processes  for 
manufacturing  it  must  be  well  chosen.  A 
technical  editor  often  does  these  highly  spe- 
cialized jobs. 

An  editor  may  specialize  in  simplifying 
\vriting,  Fig.  19-10.  He  may  receive  a manu- 
script (a  piece  of  writing)  which  has  many 
technical  terms  from  chemistry,  electronics, 
or  hydraulic  engineering.  In  this  manuscript 
there  will  be  instructions  which  must  be 
given  to  readers.  But  *he  readers  may  not 
understand  the  language  of  the  engineer. 
The  editor  translates  (rewrites)  the  mes- 
sage so  that  the  readers  will  understand  it. 
To  do  this  well,  the  editor  must  have  both 
technical  knowledge  and  writing  skill. 

Along  with  simplifying,  an  editor  may 
slant  a manuscript;  that  is,  he  may  write  it 
for  a certain  group  of  readers.  He  should 
know  if  a product  is  going  to  housewives, 
students,  or  stenographers.  This  will  help 
him  choose  his  words  when  he  works  on  an 
instruction  manual.  He  may  suggest  special 
illustrations,  if  the  manual  will  go  to  a spe- 
cial group  of  consumers.  Like  any  other 


fig.  19*7.  Illusfrofions  ore  needed  on  shipping  con- 
tainers that  will  be  changed  info  displays. 


Rg.  19-8.  An  illusfrotion  moy  be  designed  for  use  by 
workers  who  ossemble  or  service  the  com- 
pany's products. 


designer,  he  plans  his  product  to  meet  con- 
sumer needs. 

If  a manual  (booklet)  will  be  several 
pages  long,  the  editor  may  make  a rough 
paste-up  {dummy) . Each  dummy  page  shows 
what  will  appear  on  each  manual  page: 
printed  matter  (text),  drawings,  or  charts. 
A dummy  shows  how  much  space  can  be 
used.  The  editor  can  then  plan  the  best  pos- 
sible use  of  illustrations  and  text 

Some  technical  editors  help  to  choose  the 
information  which  goes  into  manuals.  Others 


Technical  Writing  and  lUtutraling 
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Fig.  19-9.  This  illustration  shows  the  location  of  the  different  parts  of  a lathe. 
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specialize  in  arranging  the  information  at- 
tractively. No  matter  what  else  he  does,  the 
editor  is  supposed  to  correct  wrong  spelling 
and  wrong  punctuation. 

Some  companies  print  their  own  consumer 
manuals.  They  also  print  their  own  technical 
reports,  price  lists,  and  other  printed  matter. 
Here  an  editor  needs  to  know  about  printing 
processes,  paper,  ink,  and  ways  of  binding 
booklets.  If  manuals  are  printed  somewhere 
else,  a printer  usually  gives  the  editor  sug- 
gestions about  appearance,  printing  costs, 
and  good  ways  to  use  colored  ink. 

A technical  writer  may  do  most  editing 
tasks.  A technical  editor  may  write  large 
sections  of  a manual.  Companies  divide  the 
writing  and  editing  work  in  many  different 
ways.  For  writer  and  editor,  technical  knowl- 
edge and  writing  skill  are  needed. 

Reporting  within  the  Company 


Fig.  19-10.  An  edifor  must  simplify  technical  writing 
so  that  the  people  who  use  the  product 
can  read  its  instructions. 


Many  company  workers  must  report  their 
activities,  decisions,  or  other  information  in 
writing.  These  people  are  not  called  writers. 
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kind  to  someone  in  another  department  who 
may  use  it  in  a report  to  a customer.  Some 
reports  are  simple  messages  between  offices. 
Others  are  highly  technical,  formal,  and  de- 
tailed. Report  writing  is  a necessary  job  for 
most  people  in  management 


Writing  Specifications 

Buyers  of  consumer  goods  such  as  home 
appliances  and  automobiles  care  most  about 
appearance  and  performance.  They  usually 
do  not  care  much  about  construction  details 
or  the  materials  used.  But  manufacturers 
usually  need  precise  descriptions  of  these 
details,  called  specifications.  Specifications 
may  ask  for  a certain  performance  from  a 
product  They  may  ask  for  physical  qualities 
like  material  or  size.  For  example,  the  man- 
ufacturer of  an  automobile  may  buy  bolts 
from  a bolt  manufacturer.  The  buyer  may 
specify  that  the  bolts  must  have  a certain 
strength  (performance).  He  may  also  spe- 
cify dimensions,  tolerances,  and  the  tsrpe  of 
steel  to  be  used. 

Specifications  protect  both  buyers  and 
sellers.  They  make  the  buyer  sure  that  prod- 
ucts will  work  right  The  seller  knows  that 
if  his  product  has  the  specifications  the  buyer 
asked  for,  the  buyer  will  be  satisfied.  Safety 
is  often  important  to  think  about  in  writing 
specifications. 

Specifications  may  be  set  by  either  buyers 
or  sellers.  Most  industrial  specifications  for 
parts  are  written  by  engineers  or  technicians. 
They  know  exactly  what  the  part  must  do. 

The  military  services  and  other  govern- 
ment agencies  often  make  detailed  specifica- 
tions for  products  they  buy.  They  often  state 
the  size,  the  materials  to  be  used,  and  how 
the  product  performance  is  to  be  tested,  so 
they  can  buy  from  different  sellers  and  know 
they  will  get  what  they  need. 

Much  detail  needed  in  specifications  does 
not  have  to  be  written  down.  Some  .specifica- 
tions have  been  set  up  by  different  industrial 
and  government  groups.  These  groups  in- 
clude the  American  Standards  Association, 


but  they  need  writing  skill.  For  example, 
research  engineers  write  a great  deal.  Their 
experimental  and  developmental  work  cannot 
help  management  unless  it  is  reported  and 
written  so  management  can  understand  it. 

As  companies  grow  larger  and  manufac- 
turing becomes  more  complicated,  a great 
deal  of  correspondence  (writing)  is  needed. 
A worker  may  write  one  kind  of  report  to  a 
co-worker.  He  may  write  another  kind  of  re- 
port to  his  supervisor.  He  may  write  a third 
the  American  Society  for  Testing  and  Ma- 
terials, and  the  Bureau  of  Standards.  If  the 
product  has  followed  the  specifications  of  any 
of  these  groups,  very  few  details  have  to  be 
written  down.  For  some  products,  specifica- 
tions set  up  by  the  Fair  Trade  Commission, 
the  Federal  Drug  Administration,  or  the 
Department  of  Agriculture  must  be  followed 
in  order  to  protect  the  public  from  poorly 
made  products. 


Summary 

Technical  writers  write  about  products  for 
customers.  They  tell  how  to  assemble  the 
product,  operate  it,  and  maintain  it  People 
with  both  en.gineering  knowledge  and  writ- 
ing skill  are  needed  for  this  work. 

Illustrations  provide  information  that  can- 
not be  given  in  words.  Draftsmen,  illustra- 
tors, and  artists  draw  illustrations. 

Technical  editors  design  and  engineer  in- 
struction manuals  for  special  consumer 
needs.  They  rewrite  technical  language  so 
that  the  nontechnical  consumer  can  under- 
stand it. 

A worker  in  any  phase  (stage)  of  company 
work  may  need  to  write  reports  to  other 
workers  in  the  company.  If  his  work  is  tech- 
nical, some  of  his  writing  will  be  technical 
too. 

Specifications  describe  a product  and  its 
performance  so  that  both  the  manufacturer 
and  his  customer  will  know  what  a product 
is  supposed  to  do.  Specifications  help  to  make 
sure  that  both  the  buyer  and  the  seller  will 
be  satisfied  with  the  product. 


" Unpacking  & assembling  Instructions 

- Operating  Instructions 

- Safety  precautions 

- Emergency  procedures 
Maintenance  Instructions 


-Sketches 
-Detail  drawings 

- Assembly  drawings 
-System  drawings 

- Photographs 


Terms  to  Know 

technical  writers  and 
illustrators 
unpacking  and 
assembling 
instructions 
operating  instructions 
safety  precautions 
emergency  steps 
maintenance  steps 
manuals 
instructions 
instruction  manuals 
subcontract 


product  guarantee 
warranty 
illustrations 
draftsmen 
exploded-view 
drawings 
editor 
simplifying 
manuscript 
translates 
slant 
dummy 


text 

editing 

research  engineers 

correspondence 

specifications 

performance 

physical  qualities 

dimensions 

tolerances 

American  Standards 
Association 
American 
Society  for 


Testing  and 
Materials 
Bureau  of 
Standards 
Fair  Trade 
Commission 
Federal  Drug 
Administration 
Department  of 
Agriculture 
phase 


Think  About  It ! 

1.  Ask  your  parents  for  a service  manual  or 
a set  of  instructions  that  came  with  a re- 
cent appliance  purchase.  Is  the  manual 
easy  to  understand  ? Can  you  follow  every 
instruction  quickly  and  easily?  Do  you 
find  the  illustrations  helpful?  Are  the 
illustrations  more  helpful  than  the  text 
(printed  instructions)  ? 

2.  Look  at  the  warranty  for  one  of  the 
appliances  in  your  home.  What  informa- 
tion does  it  give  you  ? 
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Planning 

Production 


History  shows  that  man  has  always  looked 
for  better  ways  to  make  things.  Even  the 
caveman  learned  that  some  rocks  were  bet- 
ter for  making  tools  than  others.  He  also 
learned  that  some  people  made  better  tools 
than  others.  The  caveman  learned  by  try- 
ing one  thing  and  then  another  (the  method 
of  trial  and  error) . In  this  reading,  you  will 
learn  about  two  management  groups  that 
look  for  the  best  production  processes  and 
methods.  In  later  readings,  you  will  study 
the  techniques  that  these  groups  use.  Some 
of  their  techniques  are  process  or  methods 
study,  work  measurement,  cost  estimation, 
and  automation.  These  management  groups 
are  often  called  industrial  engineering  and 
manufacturing  engineering. 


The  Manufacturing 
Engineering  Group 

The  size  of  the  manufacturing  (produc- 
tion) engineering  group  depends  on  the  size 
and  organization  of  the  company  and  on 
what  products  the  company  makes.  Usually, 
the  manufacturing  engineering  team  has 
two  main  kinds  of  engineers.  In  your  read- 
ing you  will  find  the  terms  manufacturing 
engineer  and  industrial  engineer.  They  do 
many  kinds  of  work.  Their  titles  and  even 
some  of  the  jobs  they  do  differ  from  com- 
pany to  company. 

The  manufacturing  engineer  improves  the 
producibility  (the  company’s  ability  to  make 
something)  of  product  design.  He  also  plans 
the  ways  of  manufacturing.  He  develops 
tools  and  machines.  Finally,  he  makes  sure 
all  tools  and  machines  work  together  for 
smooth  production.  The  industrial  engineer 
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designs,  improves,  and  installs  (puts  into 
use)  systems  of  men,  materials,  and  equip- 
ment so  that  they  all  work  together.  He  is 
in  charge  of  the  safety  and  working  condi- 
tions of  the  workers.  He  must  see  that  time 
schedules  for  ordering  materials  and  equip- 
ment, performing  operations,  and  shipping 
products  are  planned  and  achieved.  Above 
all,  the  manufacturing  engineering  group 
must  see  that  these  jobs  are  done  in  the 
best  way. 

Working  together,  this  team  plans  most 
of  the  things  necessary  for  efficient  produc- 
tion. They  must  choose  the  processes  which 
can  produce  the  product.  The  industrial  en- 
gineer sees  that  people  are  used  in  ways  that 
are  most  efficient. 

There  is  a great  deal  of  competition 
among  manufacturing  industries.  Fig.  20-1. 
The  manufacturing  engineering  group  and 
the  product  designer  try  to  make  sure  that 


Fig.  20-1.  The  companies  which  can  produce  products 
most  efficiently  make  the  biggest  profit  and 
grow  the  fastest. 
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the  company’s  products  will  be  better  than 
its  competitor’s.  They  also  want  to  be  sure 
the  products  can  be  sold  at  lower  prices  and 
still  make  a profit.  Productivity  (ability  to 
produce  goods)  and  wages  have  improved  in 
the  United  States.  The  standard  of  living  in 
the  United  States  has  also  gone  up  steadily, 
Fig.  20-2.  Working  conditions  have  im- 
proved, people  work  fewer  hours,  and  profits 
have  gone  up. 

The  process  engineer-  must  choose  the 
best  machines,  equipment,  and  processes  for 
manufacturing.  The  methods  engineer  finds 
the  best  way  for  people  to  work  at  the  ma- 
chines and  to  handle  the  product.  Tool  engi- 
neers design  any  special  equipment  or  at- 
tachments that  are  needed  to  make  a stand- 
ard machine  ready  for  production.  Fig.  20-3. 
Many  manufacturing  machines  are  built  in 
an  incomplete  condition,  so  the  tool  engineer 
must  design  tools,  holding  devices,  and  han- 
dling equipment  for  each  production  job. 
The  work  measurement  engineer  or  techni- 
cian finds  out  how  long  each  operation 
should  take. 

Manufacturing  engineering  people  also 
work  closely  with  people  from  other  depart- 


Fig. 20-2.  With  less  labor  needed  for  production, 
wages  have  gone  up  more  than  prices. 
Increased  productivity  has  given  us  a higher 
standard  of  living. 


ments.  The  accounting  department  gives 
them  information  on  costs  so  that  the  most 
eflficient  way  may  be  found.  The  product 
designer  uses  the  information  he  gets  from 
the  manufacturing  or  industrial  engineer. 
He  does  not  want  to  design  products  that 
cost  too  much  to  manufacture.  A plant  de- 
signer must  work  closely  with  the  industrial 
engineer  so  that  the  plant  layout  will  make 
production  smoother.  The  foremen  and  pro- 
duction workers  work  closely  with  the  en- 
gineer so  that  his  decisions  will  be  carried 
out  correctly. 


Manufacturing  Engineering 

The  basic  problem  in  designing  and  engi- 
neering production  is  like  that  in  other  kinds 
of  engineering.  The  engineer  must  always 
look  at  many  possibilities  in  order  to  choose 
the  best  ones.  Even  when  a new  product  is 
designed,  choices  are  made  which  will  affect 
the  manufacturing  processes  and  costs.  For 
example,  an  automobile  body  may  be  de- 
signed with  steel  fenders  or  with  reinforced 
plastic  fenders.  The  manufacturing  proc- 


Fig.  20-3.  Tool  designers  must  often  design  and  have 
built  special  handling  equipment  before  a 
machine  can  be  used  for  production. 


Fig.  20-4.  These  products  all  do  their  job  equally  well. 

Because  they  are  made  of  different  materials, 
different  processes  must  be  used  for  their 
manufacture. 


esses  are  completely  different  for  these  two 
materials,  Fig.  204. 

Suppose  the  design  is  chosen.  Before  the 
product  can  be  made,  the  manufacturing 
engineer  must  look  at  several  processes  or 
machines  for  doing  the  operation,  Fig.  20-5. 
He  then  chooses  which  one  to  use.  First,  he 
analyzes  (studies)  the  product  to  find  out 
what  operations  are  needed.  Then  he  lists 


Fig.  20-5.  These  two  machines  may  do  the  same  kind  of 
work.  The  production  engineer  must  choose 
the  one  which  will  make  the  product  most 
efficiently. 
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all  possible  ways  to  do  each  operation.  These 
possible  ways  are  then  compared  on  the 
following  six  points : 

1.  Availability — Can  the  product  be  made 
on  equipment  owned  by  the  company? 
If  new  equipment  must  be  bought,  new 
investment  of  money  must  be  made.  It 
may  take  many  months  to  get  new 
equipment  because  many  large  manu- 
facturing machines  are  built  only  to 
special  order. 

2.  Capacity — ^Will  the  method  produce  as 
many  products  as  the  company  will 
need?  Will  the  method  have  to  be 
changed  if  there  is  increased  or  de- 
creased demand  for  the  product  in  the 
future? 

3.  Quality — ^Will  the  method  produce  ac- 
ceptable quality?  It  may  be  wasteful  to 
produce  higher  quality  than  needed. 

4.  Personnel — Must  new  operators  be 
hired  and  trained  if  a new  process  is 
used?  If  new  operators  are  needed, 
what  will  happen  to  the  workers  who 
are  replaced  ? 

5.  Materials  Handling — The  problems  of 
moving  material  are  often  greater  than 
the  problems  of  making  a product. 
Material  arriving  at  a plant  must  be 
unloaded.  Then  it  must  be  moved  to  a 
storage  area.  From  storage  it  must  go 
to  a production  area,  perhaps  to  sev- 
eral processing  areas.  The  finished 
product  must  then  go  to  a storage  area. 
Later  it  must  go  to  a shipping  area 
and  then  out  of  the  plant. 

6.  Overall  Economy — Ideally,  the  meth- 
ods and  processes  chosen  will  produce 
enough  parts  of  good  quality  to  satisfy 
the  demand  at  the  lowest  possible  cost. 
In  order  to  compare  processes,  the  en- 
gineer should  find  out  the  cost  of  sev- 
eral different  methods  and  choose  the 
least  expensive. 
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Other  Steps  before  Production 

After  the  processes  and  methods  have 
been  chosen  and  before  production  can  start, 
several  steps  remain.  There  must  be  space 
in  the  plant  for  new  equipment.  The  plant 
engineer  must  be  told  of  any  new  needs  for 
utilities  (water,  gas,  or  electricity).  Special 
tools  and  attachments  must  often  be  de- 
signed and  made  in  order  to  do  certain  jobs. 
Operation  charts  and  job  descnptions  are 
needed  to  explain  the  job  to  the  foreman,  to 
those  who  handle  materials,  and  to  those 
who  use  the  equipment.  Schedules  (when 
materials  should  be  in  each  place)  and 
routing  sheets  (whex-e  the  materials  go 
next)  must  be  made  up.  The  right  number 
of  parts  must  be  processed  in  each  place  at 
the  right  time. 

Manufacturing  Engineering  Is  a 
Continuing  Task 

Designing  and  engineering  production 
does  not  end  when  production  of  a new  prod- 
uct starts.  There  are  many  other  times  when 
engineering  may  be  needed.  When  the  engi- 
neer designs  a new  system,  he  does  not 
always  know  how  things  will  actually  work. 
After  production  starts,  he  may  find  that 
parts  of  his  design  were  wrong.  Then 
changes  will  be  needed.  Production  systems 
are  designed  to  make  a certain  number  of 
products  in  the  most  efficient  way  for  that 
number.  If  customers  want  more  products 
than  can  be  made,  changes  in  the  production 
system  may  be  needed. 

The  greatest  changes  in  production  hap- 
pen when  materials  and  processes  improve. 
The  product  designer  may  find  that  a new 
or  a different  material  will  make  a better 
product.  Then  the  process  engineer  must 
change  the  processes  and  methods.  Better 
ways  of  manufacturing  may  also  be  found. 
Most  of  these  new  methods  do  not  change 
the  main  ways  of  shaping  materials.  Usu- 
ally the  improvements  cut  down  on  the 
amount  of  manual  labor  needed  for  produc- 
tion. 
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The  World  of  Manufacturing 


Fig.  20-6.  Designing  and  engineering  for  production 
needs  many  workers.  They  include  engineers, 
accountants,  draftsmen,  and  office  workers. 


Summary 

After  a product  has  been  designed  and 
engineered,  designing  and  engineering  of 
production  are  important  steps.  During  pro- 
duction, engineering  must  go  on  to  make 
production  more  efficient.  New  processes 
and  materials  which  need  more  production 
engineering  may  be  found. 

In  the  designing  and  engineering  of  pro- 
duction, the  manufacturing  engineer  fol- 
lows certain  steps.  First,  he  studies  the 
product  to  find  what  production  process 
will  work.  Second,  keeping  in  mind  the 
time,  cost,  quality,  and  quantity  of  each 
process,  he  chooses  the  most  efficient  pro- 
duction processes.  Third,  he  checks  over 
the  methods  of  production  being  used.  He 
is  always  looking  for  better  ways.  In  the 
next  reading,  you  will  learn  how  processes 
are  analyzed  (studied)  to  find  which  one  is 
the  most  efficient. 


Organization  for  Manufacturing 
Engineering 


Designing  and  engineering  production  is 
needed  at  many  places  and  at  many  times  in 
manufacturing.  It  starts  with  the  product 
designer  and  may  go  on  at  postprocessing 
(service)  facilities  after  the  sale  of  a prod- 
uct. Small  companies  may  have  only  a 
single  manufacturing  engineer.  His  job 
may  also  include  time  study  and  quality 
control. 

Large  companies  with  many  plants  often 
have  a large,  centrally  located  manufactur- 
ing engineering  department.  This  is  where 
most  work,  especially  for  new  products,  is 
done.  Fig.  20-6.  These  companies  also  have 
smaller  departments  in  each  plant  for  solv- 
ing day-to-day  problems.  Both  small  and 
large  companies  may  hire  consulting  (out- 
side) engineers  to  do  part  or  all  of  their 
manufacturing  engineering. 
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Terms  to  Know 

trial  and  error 
method 
industrial 
engineering 
manufacturing 
engineering 
producibility 


analyze 

availability 

capacity 

quality 

personnel 

materials  handling 

overall  economy 


install 
productivity 
process  engineer 
methods  engineer 
tool  engineer 
work  measurement 
engineer 


utilities 

operation  charts 
job  descriptions 
schedules 
routing  sheets 
postprocessing 
consulting  engineers 


Think  About  It! 

1.  Manufacturing  companies  cannot  plan 
their  production  of  products  by  the  trial 
and  error  method.  Why  not? 

2.  Why  are  many  large  manufacturing 
machines  built  only  to  special  order? 


Planning 

Processes 


All  the  processes  needed  to  manufacture 
a product  must  be  designed  and  engineered 
in  great  detail.  General  plans  for  the  pro- 
cesses were  probably  chosen  before  manage- 
ment approved  the  product  design.  Now  the 
techniques  of  manufacturing  and  industrial 
engineering  are  used.  The  best  combination 
of  machines,  processes,  and  people  must  be 
found. 


finish  coats,  drying  the  surface  with  radiant 
heaters,  and  unmasking.  Each  operation  is 
done  at  a work  station  (a  stopping  place  in 
the  production  line).  A manufacturing  en- 
gineer must  know  how  to  organize  all  these 
jobs  so  that  the  product  will  move  smoothly 
along  a production  line.  Part  of  planning  the 
processes  is  organizing  the  work  to  be  done 
on  the  production  line.  Fig.  21-2. 


Planning  and  Organizing 

A manufacturing  process  like  assembling 
can  be  done  in  many  different  ways.  The 
best  way  to  assemble  refrigerators  might 
be  a very  poor  way  to  assemble  typewriters. 
Manufacturing  processes  are  studied  in 
great  detail  by  the  manufacturing  engineer. 
He  is  always  looking  for  the  safest,  easiest, 
and  most  efficient  ways  to  make  his  plant’s 
products.  Fig.  21-1. 

A 'process  is  an  organized  set  of  opera- 
tions. For  example,  a painting  process  in- 
cludes operations  like  cleaning  the  surface, 
masking  (covering  surfaces  not  to  be 
painted),  putting  on  a base  coat  and  several 


HOLE  DRILLED 


? 


HOLE  PUNCHED 


? 


HOLE  CAST 


Fig.  21-1.  The  manufacturing  engineer  must  determine 
which  process  would  be  most  efficient  for 
making  a certain  product. 


The  Manufacturing 
Engineer’s  Problems 

An  engineer  designs  processes  for  a new 
product  or  redesigns  processes  for  a product 
already  being  made.  He  has  the  same  kinds 
of  problems  in  each  job.  There  are  always 
many  kinds  of  machines  or  processes  to 
choose  from.  He  must  also  choose  people 
with  the  right  skills  and  training.  The  en- 
gineer must  look  at  many  things : cost,  pro- 
duction rate,  quality,  safety,  and  the  satis- 
faction of  the  workers. 

The  engineer  must  make  the  best  choice 
of  men,  materials,  machines,  and  processes. 
After  much  study,  he  may  suggest  buying 
a part  {component)  from  another  firm.  He 
may  suggest  that  another  part  be  made  in 
his  plant.  This  decision  to  make  or  huy  is 
important.  Every  part  of  a product  pro- 
bably could  be  bought  somewhere  else,  or 
could  very  well  be  made  in  the  company’s 
plant.  The  decision  to  make  or  buy  is  based 
on  cost.  If  the  part  can  be  bought  for  less 
than  it  can  be  made,  management  buys  it! 
It  is  important  to  find  out  the  exact  cost  of 
making  a part  and  the  exact  cost  of  buy- 
ing it. 
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Fig,  21-2.  The  engineer  makes  different  studies.  The  results  help  him  schedule  and  locate  work  or  inspection  stations. 
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Respcnsibility  for  Planning  Processes 

In  a large  company,  process  planning  is 
done  by  the  engineering  department.  The 
chief  of  the  manufacturing  engineering 
group  is  in  charge  of  the  planning.  He  tries 
to  get  ideas  from  everyone  in  the  plant.  The 
production  worker  can  often  suggest  a way 
to  improve  a process.  The  success  of  a com- 
pany depends,  in  part,  on  these  suggestions. 

In  a small  company  where  the  amount  of 
process  planning  is  small,  a superintendent 
or  foreman  may  be  the  process  planner.  But 
no  matter  who  does  the  planning,  the  tech- 
niques (practices)  of  process  planning  are 
really  the  same. 


Techniques  of  Planning  Processes 

The  industrial  or  manufacturing  engineer 
follows  a set  of  steps  in  planning  processes. 
These  are : 

1.  Listing  processes  and  operations, 

2.  Choosing  workstations, 

3.  Analyzing  (studying)  work  flow,  and 

4.  Analyzing  operation  methods. 

First,  the  processes  must  he  listed.  Then 
alternative  operations  ( other  choices)  far 
each  process  should  be  worked  out.  For  ex- 
ample, in  planning  to  make  a wooden  bench, 
you  may  list  such  processes  as  painting, 
sawing,  sanding,  drilling,  and  nailing.  You 
should  put  the  processes  in  the  order  that 
they  happen.  For  the  planned  bench  the 
correct  order  may  be  sawing,  sanding,  drill- 
ing, nailing,  and  painting.  You  should  al- 
ways keep  alternative  processes  in  mind.  For 
example,  you  might  substitute  gluing  for 
nailing. 

Second,  the  work  stations  are  chosen.  This 
job  is  different  for  a new  plant  than  it  is 
for  a plant  already  operating.  For  a plant 
already  operating,  there  are  machines  that 
can  be  used  for  some  of  the  new  operations. 
In  planning  processes  for  a new  plant,  the 
machines  can  be  ordered  to  fit  the  plan,  so 
the  engineer  can  choose  more  freely  from 
alternative  operations.  He  tries  to  choose 


the  right  combination  of  men  and  machines. 
He  wants  to  do  the  work  at  the  least  cost. 

The  engineer  uses  charts  to  show  the  jobs 
which  several  machines  or  people  are  doing 
at  any  one  time.  These  charts  help  him  find 
and  get  rid  of  times  when  machines  or  peo- 
ple are  idle.  This  happens  when  workers 
must  wait  for  the  work  they  are  supposed 
to  do. 

Third,  work  flow  (movement  of  ma- 
terials from  one  work  station  to  the  next) 
is  analyzed.  Work  flow  may  be  shown  on  a 
flowchart.  This  chart  shows  the  order  in 
which  operations  are  done  to  make  a prod- 
uct, Fig.  21-3.  A flowchart  helps  in  four 
ways: 

1.  It  can  find  high  cost  areas  of  produc- 
tion. 

2.  It  can  schedule  parts  so  that  they  are 
at  the  right  place  at  the  right  time. 

3.  It  can  locate  inspection  points  (places 
where  products  can  be  checked  for 
poorly  made  parts) . 

4.  It  can  place  machines  so  that  handling 
of  materials  or  components  is  kept  to 
a minimum. 

Flowcharts  also  help  in  the  design  of  new 
plant  layouts. 

Fourth,  specific  operation  methods  are 
analyzed.  The  process  engineer  carefully 
studies  the  movements  of  men  and 
machines.  One  of  his  main  jobs  is  to  reduce 
(cut  down  on)  costs.  A multiple  activity 
chart  can  help  a worker  keep  both  hands 
busy  in  an  assembly  operation.  Shortening 
a job  by  even  one  second  may  reduce  costs, 
when  the  operation  must  be  repeated  thou- 
sands of  times. 


The  Problem  of  Quality 

In  choosing  operations,  the  engineer  must 
think  about  the  number  of  parts  to  be 
made.  For  almost  every  operation  there  is 
a certain  amount  of  preparation  before  the 
operation  can  start.  Getting  ready  is  called 


Process  Chart 
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Fig.  21-3.  Process  charts  show  the  operations  done  to  different  parts  of  a product.  They  show 
where  the  parts  or  product  must  be  handled,  inspected,  stored,  and  assembled. 
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setup,  Fig.  21-4.  After  setup,  there  is  a 
fixed  time  and  cost  of  production  for  each 
part  made  {unit  of  production).  The  cost  of 
setup  time  will  influence  the  per-unit  cost 
of  the  product.  Thus  the  shorter  the  setup 
time  and  setup  cost,  the  lower  the  per-unit 
cost  of  the  product.  The  cost  of  the  product 
is  also  influenced  by  the  number  of  product 
items  produced.  Short  production  time 
increases  the  cost  per  item.  Long  produc- 
tion time  lowers  the  cost. 

For  example,  suppose  that  a label  must 
be  pasted  onto  each  bottle  on  a production 
line.  A workman  might  do  this  job  by  hand. 
Setup  would  be  handing  him  a pastepot.  A 
machine  to  do  the  same  job  might  be  very 
expensive,  especially  if  it  had  to  be  custom 
designed  (designed  for  this  special  pur- 
pose). But  its  production  time  and  cost  for 
each  unit  (each  bottle  labeled)  would  be 
very  low.  For  a few  hundred  bottles,  a work- 
man with  a pastepot  would  be  the  least 
expensive  choice.  For  millions  of  bottles,  a 
machine  would  be  the  least  expensive.  For 
thousands  of  bottles,  the  engineer  would 
need  to  look  at  many  cost  and  production 
figures  before  he  made  his  choice,  Fig.  21-5. 

Some  companies  specialize  in  making  cer- 
tain products.  Other  plants  specialize  in 
performing  (doing)  certain  operations.  But 


Fig.  21-4.  Equipmeni  with  a short  setup  time  is  needed 
when  only  a few  ports  are  needed.  This  kind 
of  equipment  is  costly  for  moss  production. 


specialization  (working  in  one  area)  goes 
beyond  this.  A company  may  specialize  in 
making  its  products  in  quantities  (amounts) 
that  it  can  turn  out  efficiently  with  its  set- 
up. A plant  may  specialize  in  performing 
its  operations  on  only  a certain  number  of 
parts. 

Most  manufacturing  plants  have  a tool- 
room. It  has  easily  changed,  multi-purpose 
machines  (machines  with  many  uses).  These 
machines  have  short  setup  times,  but  long 
production  times.  Toolrooms  specialize  in 
making  only  one  or  a very  few  of  each 
item : special  tools,  fixtures,  repair  parts  for 
machines,  and  developmental  models.  Pro- 
duction areas  usually  have  machines  with 
very  large  setup  costs  but  very  short  pro- 
duction times. 

The  manufacturing  engineer  must  choose 
from  several  different  methods.  Figure  21- 
6 shows  the  cost  of  drilling  holes  in  the  end 
of  an  electric  motor  frame.  For  this  opera- 
tion, setup  cost  is  the  cost  of  getting  ready 
before  any  parts  are  drilled.  The  unit  pro- 
duction cost  is  the  cost  of  drilling  each  part 
after  the  setup.  The  costs  in  the  chart  are 


Fig.  21-5.  When  many  parfs  are  needed,  special 
equipment  is  often  used.  It  takes  longer  to 
get  ready  for  production,  but  the  cost  of 
each  product  is  less  after  production  starts. 
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average  costs  for  drilling  one  part  They 
differ,  depending  on  how  many  parts  are 
made  by  each  method.  This  is  the  least 
price  a company  would  have  to  charge  for 
this  operation  to  pay  for  the  setup  and 
production.  The  cheapest  price  for  each 
number  of  parts  is  shown  in  the  boxes  of 
Fig.  21-6. 

The  engineer  must  make  a wise  choice 
among  these  methods.  He  must  know  how 
many  frames,  for  example,  are  to  be  pro- 
duced per  day  or  per  month.  A large  in- 
vestment of  money  is  needed  for  setup  if 
large  numbers  of  frames  are  to  be  drilled  at 
a low  average  cost. 

Similar  examples  could  be  found  for  pro- 
ducing chemicals,  weaving  cloth,  printing 
books,  generating  electricity,  and  for  most 
other  production  jobs. 


Planning:  Is  a Continuing  Task 

The  planning  of  processes  and  methods 
does  not  stop  when  a new  product  goes  into 
production.  Changes  in  design  may  mean 
different  processes  and  methods.  An  in- 


crease in  customer  demand  for  a product 
may  mean  different  methods.  New  processes 
may  be  developed  that  were  not  known 
when  the  product  was  designed.  If  com- 
petitors (other  companies  in  the  same  kind 
of  business)  find  better  ways  to  produce, 
they  may  be  able  to  sell  their  product  at  a 
lower  price.  The  manufacturing  engineer 
must  keep  working  to  find  a better  way. 


Summary 

Process  planning  is  part  of  production 
planning.  Processes  and  operations  are  de- 
signed and  engineered  to  find  the  safest, 
easiest,  and  most  efficient  combination  of 
people,  processes,  and  operation  methods. 
Fig.  21-7.  The  main  purpose  of  this  planning 
is  to  reduce  costs.  Process  planning  is  done 
by  engineers,  but  accountants,  foremen, 
and  production  workers  all  help.  The  most 
efficient  process  often  depends  on  the  prod- 
uct and  the  operations  to  be  done.  It  also 
depends  on  the  quantity  to  be  made.  In  the 
next  reading  you  will  find  out  how  automa- 
tion is  used  to  improve  the  efficiency  of 
many  processes. 
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Fig.  21-6.  This  chart  shows  how  the  setup  cost  affects  the  average  cost  for  producing  a single  unit.  Increasing 
the  setup  cost  lowers  the  average  cost.  In  each  average  cost  column,  the  lowest  cost  is  in  color. 


128 


The  World  of  Manufacturing 


Fig.  21-7.  There  are  many  different  ways  for  drilling 
the  holes  in  this  casting.  The  best  method 
depends  on  how  many  are  to  be  made. 


Terms  to  Know 


process 
marking 
work  station 
component 
make  or  buy 
process  planning 
techniques 

alternative  operations 
work  flow 
analyzed 
flowchart 
inspection  points 
reduce 


multiple  activity  chart 
setup 

unit  of  production 
custom  designed 
performing 
specialization 
quantities 
multipurpose 
machines 
setup  cost 
unit  production  cost 
competitors 
automation 


Think  About  It! 


1.  How  can  a worker  on  a production  line 
help  his  company  find  new  ways  of  lower- 
ing production  costs? 

2.  What  happens  when  new  processes  are 
discovered  that  were  not  known  when  the 
product  a company  is  making  was  first 
designed? 


Planning  Processes 


XHiO 


Automating 

Processes 

Competition  in  industry  has  made  com- 
panies look  for  better  ways  of  producing. 
Methods  study  is  used  to  find  the  best  way 
for  people  to  work.  It  has  also  been  used 
to  develop  better  processes  and  equipment. 
Usually,  methods  studies  are  used  to  reduce 
or  do  away  with  the  amount  of  manual 
labor  needed  to  do  production  work.  As 
early  as  1611,  a manufacturer  in  England 
built  a lacemaking  machine  in  which  the 
lace  pattern  was  controlled  by  a punched 
card.  By  1914,  electric  light  bulbs  were  made 
in  large  numbers  on  automatic  equipment 
that  needed  few  or  no  operators.  Today, 
such  developments  are  called  automation. 

Automation  Defined 

The  word  automation  is  hard  to  define, 
but  in  manufacturing  it  always  means  using 
mechanical  devices  in  place  of  manual  labor. 
If  a worker  is  still  needed  to  control  a 
machine  or  process,  the  development  is 
called  mechanization.  When  the  controlling 
(thinking)  part  of  man’s  work  is  program- 
med (by  a set  of  instructions)  into  a 
machine,  then  automation  is  being  used. 


Reasons  for  Automation 

The  main  reasons  for  using  automation 
are  to : 

1.  Increase  production  capacity, 

2.  Reduce  waste, 

3.  Improve  working  conditions, 

4.  Improve  distribution,  and 
6.  Reduce  cost. 

Most  automation  has  been  used  in  indus- 
tries that  produce  in  large  quantities  and 


have  many  repetitive  operations  (done  over 
and  over).  These  industries  can  usually 
afford  the  large  investment  of  money  in 
machinery  needed  before  production  can 
start. 

Automation  often  means  less  waste.  There 
are  fewer  scrap  parts  because  there  are 
fewer  human  errors.  There  may  be  less 
wasted  time  because  automated  machines 
are  often  faster  than  hand-operated  ma- 
chines. Even  if  they  are  not  faster,  they 
do  not  need  time  to  rest  as  people  do.  An 
automated  machine  also  does  not  have  to 
wait  for  a worker  to  load  and  unload  work- 
pieces,  Fig.  22-1. 

Even  though  no  money  may  be  saved, 
management  often  tries  to  do  away  with 


Fig.  22-1.  This  slide  tray  assembly  line  is  one 

of  many  integrated  production  units  now 
located  at  the  Elmgrove  plant,  newest 
part  of  the  Kodak  Apparatus  Division.  It 
combines  a 200-ton  progressive  die  punch 
press,  industrial  cleaners,  an  assembly 
turntable,  and  an  automatic  packing 
machine. 
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dull,  repetitive  jobs.  Jobs  like  loading  and 
unloading,  assembling  small  parts,  and  in- 
specting finished  work  become  boring  and 
tiring  to  most  people. 

Automation  has  greatly  reduced  the 
amount  of  manual  labor  needed  for  produc- 
tion. This  reduction  in  the  use  of  manual 
labor  usually  lowers  the  cost  of  production 
by  raising  the  amount  of  production.  Au- 
tomation also  means  that  the  workers  must 
be  better  trained  and  more  highly  skilled. 
Fig.  22-2.  Automation  has  made  more  jobs 
for  supervisors,  engineers,  technicians,  and 
maintenance  workers. 


Fig.  22-2.  Aufomafion  means  that  many  more  jobs 
need  skilled  workers.  Many  plants  must 
train  workers  over  again  when  automated 
equipment  is  first  brought  in. 


Fig.  22-3.  Many  production  lines  are  designed  to  be 
used  for  on'y  a single  product.  The 
manufacturing  cost  is  very  low  for  this 
product,  but  design  changes  are  costly, 


Automation  can  make  a machine  or  pro- 
cess more  useful.  Many  different  products 
can  be  made  with  one  automated  machine. 
Tape-conir oiled  (automated)  machine  tools 
can  produce  small  quantities  more  efficiently 
than  standard  machines.  But  automation 
can  also  create  new  problems.  An  automated 
production  or  assembly  line  for  automobile 
engines  uses  much  equipment  that  is  de- 
signed for  only  one  engine  size.  Fig.  22-3. 
Many  engines  of  the  same  kind  must  be 
made.  Otherwise,  there  is  no  reason  for  the 
large  investments  of  money  for  such  equip- 
ment. 

Personnel  in  Automation 

The  designing  and  engineering  of  auto- 
mated equipment  is  highly  specialized.  Usu- 
ally it  is  done  by  engineers  trained  in  one 
field.  They  may  be  chemical  engineers,  ce- 
ramic engineers,  mechanical  engineers,  or 
others.  Engineers  with  different  kinds  of 
training  often  work  in  groups  on  the  devel- 
opment of  automated  equipment.  Fig.  22-4. 
The  use  of  automated  equipment  in  pro- 
duction is  most  often  planned  by  the 
manufacturing  engineer. 

Management  personnel  work  with  manu- 
facturing engineers  to  find  out  how  much 


Fig,  22-4.  The  design  of  automated  equipment  often 
needs  the  services  af  many  people.  These 
engineers  have  different  training  and  back- 
grounds. They  can  all  help  with  the  design. 
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automated  equipment  to  plan  for.  Many 
human  problems  came  about  when  mechani- 
zation and  automation  were  first  used.  For 


Fig.  22-5,  A home  heating  system  uses  the  principle 
of  feedback.  The  wall  thermostat  measures 
the  temperature  and  sends  signals  to  the 
furnace  to  control  its  output. 


example,  the  jobs  of  many  people  were  done 
away  with  by  the  use  of  mechanical  coal 
mining,  cleaning,  grading,  and  handling 
equipment.  These  people  lived  in  an  area 
where  they  could  not  get  any  other  work, 
so  they  had  to  move  away  or  stay  out  of 
work. 


Principles  of  Automation 
and  Mechanization 

Automation  has  had  two  main  fields  of 
use  in  manufacturing.  These  are  machine 
control  and  automatic  handling  of  materials. 
Automation  has  always  used  at  least  one 
of  four  principles.  They  are: 

1.  Feedback, 

2.  Mechxmical  handling, 

3.  Programmed  control,  and 

4.  Data  processing. 

In  feedback,  the  output  of  a process  or 
machine  is  measured.  The  measurement  of 
this  output  is  used  to  regulate  (control)  the 
process  or  machine.  Home  heating  systems 
use  the  principle  of  feedback.  Fig.  22-5.  The 
thermostat  measures  the  temperature  in 
the  home  and  feeds  back  signals  to  the 
furnace.  To  keep  the  temperature  in  the 
home  always  the  same,  the  furnace  produces 
more  heat  if  needed. 

The  word  automation  was  first  used  by 
an  engineer  from  an  auto  company.  He 
described  it  as  the  technique  of  automatic 
mechanical  handling  of  parts  between  work 
stations.  He  meant  the  use  of  conveyors  and 
other  mechanical  transfer  devices.  Such  de- 
vices are  not  new,  and  they  are  widely  used 
today.  This  kind  of  automation  is  called 
mechanization,  or  Detroit  automation.  Manu- 
facturing plants  that  process  chemicals, 
paper,  steel,  and  petroleum  use  automation 
to  handle  all  materials  from  raw  materials 
to  finished  products. 

You  may  have  seen  or  used  a coin-oper- 
ated hot-drink  dispensing  machine.  It  runs 
on  the  principle  of  programmed  control. 
Depending  on  the  button  that  the  user 
pushes,  the  machine  has  been  programmed 
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to  produce  hot  chocolate,  black  coffee,  cof- 
fee with  cream,  coffee  with  sugar,  or  coffee 
with  cream  and  sugar.  Fig.  22-6. 

One  of  the  fastest  growing  kinds  of  pro- 
grammed control  is  called  numerical  control. 
It  is  most  often  used  for  machine  tools  that 
cut  metal.  The  motions  of  the  machine,  even 
those  for  choosing  the  proper  tool,  are 
controlled  by  a series  of  holes  in  paper 
tape.  The  holes  are  punched  in  a code  that 
the  machine  converts  (changes)  into  action, 
Fig.  22-7.  You  may  have  seen  an  electric 
typewriter  or  teletype  machine  that  was 
also  controlled  by  paper  tape. 

Automation  often  depends  on  data  proc- 
essing. Information  is  given  to  computers 
by  engineers  and  other  workers  to  control 


Fig.  22-6.  This  machine  has  been  programmed  to 

dispense  different  kinds  of  milk.  Production 
machines  are  often  programmed  in  a 
similar  manner  to  perform  different 
operations. 


machines  or  to  handle  material.  Computers, 
using  data  from  cards  or  tape,  often  are 
used  in  the  automated  system.  Fig.  22-8. 
They  process  feedback  information  that 
makes  automated  control  possible. 


Applications  of  Automation 

The  use  of  automation  has  increased  as 
times  have  changed.  Rising  wages  have 
caused  engineers  and  management  to  reduce 
the  amount  of  labor  needed  in  production. 
Increased  amounts  of  capital  have  been 
needed  for  the  large  investments  in  auto- 
mated equipment.  Numerically  controlled 
machines  have  made  possible  the  production 
of  some  parts  that  could  not  be  made  a few 
years  ago. 

Automation  was  first  widely  used  in 
the  metal  processing  industries,  mainly 
for  assembling  and  handling  materials. 
Automation  has  gradually  spread  to  all  the 


Fig.*  22-7.  The  program  for  operating  this  machine 
is  changed  into  a series  of  holes  punched 
in  paper  tape.  The  holes  are  read  as 
numbers  by  the  machine.  The  numbers 
control  the  motions  and  actions  of  the 
machine.  Different  programs  may  be 
written  for  different  parts  of  a product. 
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manufacturing  industries.  Steel  mills  use 
feedback  from  a measuring  device  to  con- 
trol the  thickness  of  rolled  sheet  steel.  For 
many  years,  oil  refineries  have  used  feed- 
back controls  and  computers  to  get  the 
best  combination  of  oils  and  gasolines.  In 
many  bakeries  unloading,  weighing,  mixing, 
baking,  sorting,  and  packaging  are  done 
without  manual  labor. 


Fig.  22-8.  Computers  are  programmed  to  store  data 
and  perform  mathematical  operations  on 
the  data.  They  have  many  uses  in  industry. 


The  most  unusual  uses  of  automation  are 
in  materials  handling,  Fig.  22-9.  The  han- 
dling of  materials  starts  at  the  receiving  and 
unpacking  area  (the  receiving  department) . 
From  the  receiving  department,  the  raw 
materials  are  moved  into  and  through  the 
processing  departments.  From  the  process- 
ing departments,  the  product  goes  to  final 
inspection  and  packaging.  The  next  step  is 
to  move  the  packaged  product  to  a shipping 
vehicle,  storing  area,  or  a warehouse. 

One  survey  showed  that  26  percent  of  the 
cost  of  manufacturing  came  from  handling 
materials.  Other  surveys  ran  as  high  as 
60  percent.  The  handling  of  materials  adds 
no  value  to  the  product,  so  whenever  a new 
factory  is  being  planned  or  a present  one 
is  being  remodeled,  the  materials  handling 
system  should  be  studied  carefully. 

In  a completely  automated  plant,  it  would 
only  be  necessary  to  feed  raw  materials  and 
programmed  instructions  into  a process.  The 
finished  product  would  be  made  without 
human  labor.  Of  course,  human  labor  would 
be  needed  to  build  and  maintain  the  equip- 


Fig.  22-9.  Large  dairy  plants  are  among  the  most 

completely  automated  of  industries.  Large 
quantities  of  dairy  products  are  produced 
. with  little  or  no  manual  labor  and  in  a 
short  period  of  time. 
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Fig.  22-10.  Progress  in  chemical  production  is  shown 
by  this  control  panel.  The  control  panel 
shows  what  is  going  on  in  every  part  of 
the  plant. 


ment,  Fig.  22-10.  This  degree  of  automation 
can  already  be  found  in  power  generation 
plants  and  oil  refineries. 

Summary 

Man  is  always  seeking  ways  to  reduce  the 
amount  of  human  labor  needed  for  pro- 
duction. Automation  reduces  labor  on  certain 


jobs  by  using  feedback,  mechanical  han- 
dling, program  control,  and  data  processing. 
Many  of  these  systems  are  not  new,  but 
their  use  is  increasing  in  industry.  Human 
labor  may  be  reduced  on  certain  production 
jobs,  but  automation  has  increased  employ- 
ment in  related  fields. 


Terms  to  Know 

methods  study 

automation 

mechanization 

controlling 

programmed 

capacity 

distribution 

repetitive 

tape-controlled 

machine  control 


Think  About  It! 


automatic  handling 
feedback 

mechanical  handling 
programmed  control 
data  processing 
output 
regulate 

numerical  control 
converts 
computers 
materials  handling 


1.  What  help  can  be  given  to  people  who 
must  move  or  must  remain  out  of  work 
when  their  jobs  can  be  done  by  auto- 
mated equipment? 

2.  Has  automation  affected  your  life?  Ex- 
plain. 


Automation 


Involves  one  or  more  of  four  principles 
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Planning  processes,  including  automation, 
can  be  done  well  only  if  management  has 
the  right  information.  The  amount  of  time 
needed  for  an  operation  is  often  the  most 
important  piece  of  information.  This  reading 
is  about  the  techniques  used  to  find  out  the 
amount  of  time  needed  to  do  a job. 


The  worker  often  has  little  or  no  control  over 
machine  time.  Second,  there  is  the  man  time, 
often  called  the  handling  time.  See  Figs.  23-1 
and  23-2.  Man  time  includes  loading,  unload- 
ing, assembling,  adjusting,  inspecting,  mov- 
ing, and  using  any  hand  tools.  The  time  it 


Planning  Your  Time 

Let  us  take  a look  at  a routine  of  yours.  If 
you  must  be  in  school  at  8 :30  a.m.,  you  may 
get  up  at  7 :30  a.m.  You  get  up  at  7 :30  a.m. 
because  you  estimate  that  it  usually  takes 
you  about : 


10  minutes 
10  minutes 
15  minutes 
15  minutes 
10  minutes 
60  minutes 


To  wash  and  brush  teeth 
To  get  dressed 
To  eat  breakfast 
To  walk  to  school 
To  talk  to  your  friends  and 
get  to  your  seat 


Thus,  you  have  measured  the  time  for  your 
activities. 

In  manufacturing  production,  we  do  this 
same  thing  to  determine  the  amount  of  work 
that  can  be  accomplished  during  a period  of 
time.  The  many  production  methods 
needed  to  make  a product  have  already  been 
studied.  This  analysis  (study)  shows  that 
most  of  them  depend  upon  some  time  factor. 


Fig.  23-1.  The  total  time  for  production  includes 
handling  time  and  machine  time.  One  of 
these  workers  is  waiting  for  the  machine, 
but  he  must  still  be  paid  for  this  time. 


Work  Measurement 

The  total  time  to  perform  many  manufac- 
turing production  tasks  may  be  divided  into 
two  parts.  First,  there  is  the  machine  time. 


Fig.  23-2.  Work  measurement  is  the  study  and 
measurement  of  man  time.  Man  time 
includes  handling,  inspecting,  using  hand 
and  machine  tools,  and  many  other 
actions  of  the  worker. 
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Fig,  23-3.  By  work  measurement,  an  industry  finds 
the  average  time  needed  to  do  each 
operation. 


Schmidt  should  take.  By  varying  each  of 
these  elements,  Taylor  got  the  optimum 
(most)  amount  of  work  out  of  Schmidt. 


Importance  of  Work  Measurement 

In  planning  production,  knowledge  of  man 
time  is  needed  for  several  reasons.  The  cor- 
rect choice  among  different  ways  of  doing  a 
job  can  only  be  made  if  the  times  are  known. 
The  time  needed  for  each  operation  is  used  to 
decide  how  many  pieces  can  be  made  or  how 
many  machines  and  workers  will  be  needed. 
Fig.  23-3.  Suppose  that  one  man  at  a machine 
takes  one  minute  to  make  a piece.  Thus,  he 
could  produce  480  pieces  in  eight  hours.  Sup- 
pose that  we  needed  7,200  pieces  a week,  or 
1,440  pieces  a day.  Assume  that  we  work 
eight  hours  a day,  five  days  a week,  without 
any  operator  relief  (rest  periods  for  the 
worker  and  down  time  (time  during  which  a 
machine  is  shut  down).  We  then  would  need 
to  buy  three  machines  and  hire  three  men. 

Time  means  cost.  Only  by  knowing  the  pro- 
duction times  can  accurate  cost  estimates 
(predictions  of  how  much  production  time 
will  cost)  be  made.  The  least  expensive  meth- 
od can  be  found  from  these  estimates. 

In  many  industries  one  of  the  uses  of  work 
measurement  is  to  figure  the  worker’s  pay. 
This  is  sometimes  called  an  incentive  sys- 
tem. The  idea  is  that  if  a worker  is  paid 
according  to  the  amount  he  produces  in  a 
period  of  time,  he  will  produce  more  be- 
cause of  his  incentive  (desire)  to  make  more 
money.  Because  work  measurement  affects 
his  wages  and  method  of  work,  the  worker 
is  concerned  that  the  measurement  be  fair. 
The  determination  of  what  is  fair  is  often  a 
controversy  between  unions  (workers’  or- 
ganizations) and  management. 


takes  to  do  these  jobs  depends  on  how  skilled 
the  worker  is  and  how  fast  he  works. 

The  various  methods  or  ways  of  perform- 
ing a job  and  the  use  of  equipment  are  also 
important  in  measuring  work.  For  example, 
in  estimating  the  time  it  takes  you  to  get  to 
school,  it  is  important  to  you  to  determine 
the  route  you  take  in  walking  to  school.  If 
you  had  to  cross  three  intersections  con- 
trolled by  traffic  lights  while  walking  to 
school,  the  amount  of  time  that  these  lights 
might  delay  you  would  be  important  to  your 
calculation  of  walking  time.  Thus,  your 
walking  time  is  man  time;  the  time  it  takes 
traffic  signals  to  change  is  machine  time, 
and  the  route  you  take  would  be  the  method. 
You  could  continue  the  analysis  and  include 
equipment,  by  raising  the  question  of  walk- 
ing or  riding  a bike. 

Work  measurement,  then,  is  the  study  of 
man  time,  machine  time,  and  the  various 
methods  of  performing  a task. 

About  70  years  ago  an  engineer  named 
Frederick  W.  Taylor  made  the  first  serious 
attempt  at  measuring  work.  He  taught  a 
man  named  Schmidt  to  shovel  47  tons  in- 
stead of  12V^  tons  of  pig  iron  a day.  Every 
detail  of  the  man’s  job  was  specified:  the 
size  of  the  shovel,  the  bite  into  the  pile,  the 
weight  of  the  scoop,  the  distance  to  walk,  the 
arc  of  the  swing,  and  the  rest  periods  that 


Work  Measurement  Personnel 

When  the  field  of  work  known  as  industrial 
engineering  first  developed,  its  main  job  was 
work  measurement.  Work  measurement  is 
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still  the  job  of  the  industrial  engineering 
department  in  most  companies.  However,  the 
actual  measurement  of  work  may  be  done 
by  other  persons.  They  may  be  specially 
trained  technicians  called  time  stydy  ana- 
lysts,  time  and  motion  study  men,  or  work 
measurement  analysts.  Work  measurement 
may  also  be  done  by  foremen,  office  man- 
agers, or  engineers.  Because  of  the  contro- 
versy mentioned  earlier,  unions  sometimes 
have  full-time  time  study  representatives 
who  also  measure  work. 


Equipment  and  Methods  of 
Work  Measurement 

Most  work  measurement  is  done  with  a 
stopwatch.  Motion  picture  cameras  are  also 
used  to  make  detailed  studies  of  assembling 
operations  done  over  and  over.  The  camera 
takes  pictures  of  the  worker  who  is  being 
timed.  Fig.  23-4.  A clock  with  a large  second 
hand  is  included  in  the  picture.  Cameras  may 
also  be  used  in  other  studies.  Recorders 
may  be  attached  to  machines  to  record  the 
time  each  part  is  finished. 

The  most  common  method  of  work  meas- 
urement is  to  observe  the  operation  and  time 
it  with  a stopwatch.  Fig.  23-5.  If  you  have 
watched  a race,  you  may  have  seen  an  official 
time  the  race  with  a stopwatch.  He  has 
timed  something  in  the  same  way  a time 
study  analyst  would.  A stopwatch  is  gen- 
erally attached  to  a time  study  board.  A time 
study  board  is  designed  to  fit  the  contours  of 
the  time  study  analyst’s  body.  The  watch  is 
placed  in  the  upper  right-hand  corner  of  the 
board  for  a right-handed  person.  To  the  left 
of  the  watch  is  a spring  clip  used  to  hold  the 
time  study  forms.  All  the  details  of  the  time 
study  are  written  on  these  forms. 

The  timer  observes  the  task  to  be  performed 
and  breaks  the  job  into  elements  (parts  of 
the  total  task)  . A recording  of  time  for  each 
element  is  made.  After  a number  of  record- 
ings of  each  element  are  made,  they  are 
added  and  averaged.  Fig.  23-6.  There  are 
other  factors  that  need  to  be  considered,  such 


Fig.  23-4.  Motion  pictures  of  operations  like  this 
may  be  studied  in  slow  motion  to  find 
wasted  motions.  They  may  also  be  used 
to  get  standard  data  for  basic  motion- 
time systems. 


Fig.  23-5.  Most  work  measurements  are  made  by 

timing  with  a stopwatch.  The  most  accurate 
times  are  gotten  by  timing  actual  produc- 
tion operations. 


Fig.  23-6.  Workers  do  not  all  work  at  the  same  rate. 
The  skill  or  effort  of  a timed  worker  must 
be  taken  into  account  when  average  times 
are  being  figured. 
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as  normal  interruptions  that  occur  while 
working  (job  allowances)  and  the  pace  of 
the  worker  {performance  rating).  The  timer 
must  make  a judgment  as  to  how  nearly  nor- 
mal the  worker  is  performing.  He  may  de- 
cide that  a worker  was  working  20  percent 
more  than  normal  when  he  was  timed.  Sup- 
pose the  man  had  worked  for  five  minutes  on 
some  job.  The  timer  would  multiply  the  five 
minutes  by  120  percent  to  get  six  minutes. 
Six  minutes  would  be  the  time  an  average 
worker  should  take  for  this  job. 

A process  called  work  sampling  is  often 
used  as  part  of  work  measurement.  Suppose 
the  engineer  wants  to  find  out  if  too  much 
time  is  being  lost  while  an  operator  of  a 
machine  waits  for  material.  He  could  make 
200  random  (unplanned)  observations  of 
this  worker.  Suppose  that  during  20  of  these 
observations  the  worker  was  waiting  for  ma- 
terial. The  engineer  would  then  figure  that 
about  10  percent  of  the  time  the  worker  was 
idle  due  to  lack  of  material.  This  information 
would  be  used  to  set  the  worker’s  pay,  to 
make  cost  estimates,  and  to  decide  if  better 
material  handling  equipment  is  needed. 

It  was  found  by  Frank  Gilbreth,  an  early 
industrial  engineer,  that  basic  movements 
were  similar  in  all  work.  Each  of  these  small 
movements,  such  as  reach,  grasp,  search,  and 
transport,  was  called  a therblig.  (How  did 
he  invent  that  word?)  By  calculating  times 
for  each  therblig  and  adding  them  together, 
he  could  compute  the  total  time  for  the  task. 
There  are  in  the  manufacturing  industry 
many  systems  like  this  that  used  standard 
times  for  basic  movements  that  are  common 
to  production.  The  systems  are  commonly  re- 
ferred to  as  predetermined  time  systems  or 
standard  data. 

A Continuing  Activity 

Work  measurement  goes  on  after  produc- 
tion starts.  New  data  are  needed  to  decide 
on  improvements  in  methods.  Work  measure- 
ment may  also  be  used  to  change  a worker’s 
pay  or  his  job.  Many  disputes  between  labor 
unions  and  management  take  place  over  work 


Fig.  23-7.  Work  measurement  is  the  source  of  many 
disputes  between  management  and  labor 
unions.  Labor  and  management  often  have 
different  feelings  about  what  average 
work  means. 


measurement.  They  disagree  over  how  work 
should  be  measured  and  what  is  fair  or  nor- 
mal. See  Fig.  23-7. 


Summary 

Work  measurement  is  finding  the  average 
time  and  best  method  that  it  takes  for  any 
operation.  It  is  usually  done  by  specialists  in 
the  industrial  engineering  department.  In 
the  next  reading,  you  will  study  how  the 
times  and  methods  found  in  work  measure- 
ment are  used  in  estimating  costs. 


Terms  to  Know 

analysis 
time  factor 
machine  time 
man  time 
handling  time 
methods 
optimum 
operator  relief 
down  time 
cost  estimates 
incentive  systems 
incentive 
unions 
industrial  engineering 
time  study  analysts 


time  and  motion 
study  men 
work  measurement 
analysts 
time  study 

representatives 
stopwatch 
elements 
job  allowances 
performance  rating 
work  sampling 
random 
therblig 

predetermined  time 
systems 
standard  data 
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-Loading 

-Unloading 

-Assembling 

-Adjusting 

-Inspecting 

-Moving 


Measuring  Work 

Think  About  It! 

1.  How  much  time,  on  the  average,  does  it 
take  for  your  family  to  do  the  dishes  at 
night?  Time  the  process  every  evening  for 
a week,  from  the  moment  the  table  is 
cleared  until  the  last  dish  is  put  away. 

2.  Why  do  labor  unions  and  management 
disagree  over  work  measurement  proc- 
esses? How  are  these  disagreements 
settled? 
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Estimating  Cost 


In  the  last  reading  you  learned  how  work 
measurement  analysts  measure  the  time  it 
takes  to  do  a job.  A worker’s  time  is  a part 
of  the  total  cost  of  production.  In  this  read- 
ing you  will  learn  how  management  esti- 
mates (predicts)  the  total  cost  of  produc- 
tion. The  total  cost  includes  the  costs  of 
labor,  material,  and  other  factors. 

Cost  estimates  are  the  best  forecast  (pre- 
diction) of  what  the  cost  will  be  for  some- 
thing that  has  not  yet  been  done.  Cost 
estimates  are  approximations  (more  or  less 
exact) . 


Importance  of  Cost  Estimating 

Cost  estimates  are  used  in  two  ways. 
When  the  engineer  plans  production,  he 
must  have  cost  estimates  of  the  different 


Fig.  24-1.  Many  companies  get  jobs  only  by  bidding 
against  other  companies.  If  the  estimator  is 
wrong,  the  company  either  does  not  get  the 
job,  or  does  not  make  a fair  profit. 


possible  processes.  He  can  then  choose  the 
lowest  cost  process  for  production.  He  must 
also  make  cost  estimates  to  show  that  some 
change  in  production  processes  would  be 
economical  (save  money). 

Cost  estimates  are  also  necessary  to  fig- 
ure the  selling  price  of  goods  and  services. 
Your  parents  may  have  taken  their  car  to 
several  service  shops  to  have  cost  estimates 
made  for  repairing  a fender.  The  cost  esti- 
mator at  each  repair  shop  has  an  important 
job.  If  his  estimate  is  too  high,  some  other 
shop  will  get  the  work  and  make  the  profit. 
If  his  estimate  is  too  low,  his  shop  may  get 
the  job  but  there  may  be  no  profit  and 
there  may  even  be  a loss.  Fig.  24-1.  The 
shops  with  good  estimators  are  the  ones 
most  likely  to  grow.  The  others  either  get 
too  little  business  or  lose  money.  Estimators 
are  very  important  to  shops  that  do  contract 
work  for  others,  instead  of  making  products 
that  they  sell  themselves. 

Even  after  products  are  made,  it  is  not 
always  easy  for  management  to  know  what 
the  selling  price  should  be,  Fig.  24-2.  Cost 
finding  sets  the  selling  price  for  complicated 
parts  and  assemblies  after  they  are  made. 


The  Cost  Estimator 

Cost  estimating  uses  the  work  of  the 
product  designer,  manufacturing  engineer, 
accountants,  supervisors,  inspectors,  pur- 
chasing department,  and  production  work- 
ers. The  cost  estimator  himself  must  collect 
and  evaluate  (judge)  information  from  all 
these  people.  He  must  understand  the  work 
of  all  these  people  to  make  a precise  esti- 
mate. He  often  has  an  engineering  back- 
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ground.  An  understanding  of  accounting, 
methods  study,  and  time  study  are  very  im- 
portant to  him. 


Making  the  Estimate 

Cost  estimates  are  all  based  on  the  fact 
that  no  job  is  completely  new,  Fig.  24-3. 
Any  job  can  be  broken  down  into  parts  that 
have  been  done  in  the  past.  The  average 
times  for  these  parts  can  be  added  together 
to  get  an  estimate  of  the  time  for  the  total 
job.  The  time  can  be  changed  to  cost. 

In  the  construction  industry,  the  contrac- 
tor estimates  costs  on  the  basis  of  units  of 
production.  In  estimating  the  cost  of  a new 
house,  for  example,  the  unit  of  production 
is  one  square  foot  of  floor  space.  The  esti- 


Fig.  24-2.  Even  offer  products  have  been  mode,  manu- 
facturers often  figure  the  selling  price  on  the 
basis  of  estimates.  It  is  hard  to  keep  enough 
records  to  be  sure  of  the  manufacturing  cost 
of  every  part. 


mator  knows  from  past  experience  that,  for 
similar  kinds  of  construction,  the  cost  per 
square  foot  is  about  the  same.  He  may  use 
a different  cost  for  wooden  frame,  brick, 
one-story,  or  two-story  construction.  He  may 
also  add  to  the  estimate  such  extra  items  as 
fireplaces,  garages,  or  extra  bathrooms. 

This  way  of  finding  cost  is  also  used  in 
estimating  the  cost  of  metal  castings.  The 
unit  of  production  is  one  pound.  A different 
cost  per  unit  of  production  is  used  for  dif- 
ferent metals. 

A similar  system  is  used  in  the  printing 
industries.  The  unit  of  production  is  one 
page.  A fixed  setup  charge,  however,  is 
added  to  the  estimate.  Both  the  setup 
charge  and  the  cost  per  page  are  different 
for  different  printing  processes. 

Most  estimates  of  the  cost  of  manufac- 
tured goods  are  more  complicated.  They  are 
made  by  dividing  the  total  manufacturing 
cost  into  several  parts.  Then  the  cost  of 
each  part  is  estimated  separately. 

Material  costs  are  usually  the  easiest  to 
calculate  (figure).  Many  materials  are 


Fig,  24-3.  Estimated  times  for  operations  are  based 
on  standard  data.  These  data  have  been 
collected  in  the  past  for  similar  types 
of  operations. 
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bought  by  the  pound,  Fig.  24-4.  The  cost 
estimator  figures  the  weight  of  the  product. 
To  this  he  adds  a certain  weight  for  waste 
and  scrap.  The  weight  has  been  figured 
from  past  production  operations. 

Labor  costs  are  another  cost  estimate. 
There  is  only  one  worker  whose  time  can 
easily  be  connected  with  a product.  He  is  the 
actual  production  worker  who  works  directly 
on  the  product.  The  time  he  puts  in  is  called 
direct  labor.  Using  standard  data  (data 
collected  from  similar  jobs  in  the  past), 
the  estimator  figures  an  average  time  for  a 
production  operation.  Extra  time  must  al- 
ways be  added  to  the  figure  obtained  from 
the  standard  data.  Cost  estimators  know 
that  people  cannot  work  well  for  long  pe- 
riods of  time  without  some  rest.  Time  is 
added  for  personal  needs,  fatigue,  and  other 
factors.  Fig.  24-5.  For  some  jobs,  such  as 
working  at  an  open-hearth  furnace,  the  fa- 
tigue time  may  be  as  high  as  50%  of  the 
total  working  time. 


Fig.  24-4.  Many  materials  are  bought  by  the  pound. 

If  the  estimator  can  figure  the  weight  of  the 
product  to  be  made,  he  can  make  an  accu- 
rate estimate  of  the  cost  of  materials. 


A company  also  has  other  workers  whose 
pay  must  come  from  the  sale  of  goods  or 
services.  These  people  include  engineers,  of- 
fice workers,  janitors,  salesmen,  foremen, 
and  all  other  workers  of  a company.  It 
would  be  hard  to  estimate  how  much  of  each 
of  these  workers’  time  should  be  charged 


Fig.  24-5.  Estimates  must  include  some  rest  time  for  the 
worker.  For  some  hard  jobs,  the  fatigue  time 
may  be  as  high  as  50  percent. 


Fig.  24-6.  Most  cost  estimates  are  made  by  adding 
material  cost,  direct  labor  cost,  overhead, 
and  profit.  Overhead  includes  the  cost  of 
supervision,  taxes,  equipment,  depreciation, 
inspection,  sales,  utilities,  and  many  other 
factors. 
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to  any  one  product.  Instead,  an  allowance 
called  burden  (overhead)  is  added  to  the 
estimate  to  make  up  the  pay  of  these  in- 
direct workers.  Also  included  in  the  over- 
head is  a charge  for  auxiliary  (extra) 
services.  Auxiliary  services  include  worker 
recreation,  office  supplies,  utilities,  and 
equipment  and  building  maintenance.  Fi- 
nally, a charge  must  be  added  for  profit. 

The  total  estimate  includes: 

1.  Charges  for  materials  to  make  the 
product, 

2.  Charges  for  the  direct  labor  of  the 
production  worker, 

3.  Overhead,  and 

4.  Profit.  (See  Fig.  24-6.) 

The  overhead  charge  is  usually  added  as  a 
percentage  of  direct  labor.  It  must  be  fig- 
ured from  the  past  records  of  a company. 
Most  people  are  surprised  to  learn  that  the 
overhead  charge  for  many  industries  is 
about  200%  of  direct  labor. 

When  Costs  are  Estimated 

Cost  estimates  are  made  at  different  steps 
in  manufacturing.  The  product  designer  may 
have  cost  estimates  made  for  different  de- 
signs to  help  him  choose  the  best  design 
solution.  When  the  manufacturing  engineer 
is  planning  production,  he  needs  cost  esti- 
mates to  help  choose  the  best  processes. 
Cost  estimates  are  often  made  during  pro- 
duction to  find  more  efficient  methods. 

Cost  estimating  is  an  important  manage- 
ment job.  It  is  used  at  all  levels  of  manage- 
ment in  all  kinds  of  industries.  Top  manage- 
ment men  use  cost  estimates  to  help  them 
decide  when  to  build  new  plants  or  manu- 
facture new  products.  The  manufacturing 
engineer  uses  cost  estimates  to  help  him 
choose  the  best  processes.  Budgets  (plans 
for  spending  money)  for  future  operations 
of  a firm  are  made  from  cost  estimates  of 
the  total  operation  of  the  company. 

Summary 

Most  manufacturing  decisions  are  made 
only  after  cost  estimates  are  made.  There 


are  several  ways  to  estimate  costs.  The  most 
common  way  in  manufacturing  is  to  add  es- 
timated charges  for  materials,  direct  labor, 
profit,  and  overhead.  More  efficient  produc- 
tion methods  are  found  by  using  cost  esti- 
mates. 


Terms  to  Know 

estimates  (predicts) 
cost  estimates 
forecast 
approximations 
economical 
selling  price 
cost  estimator 
cost  fii-ding 
evaluate 
material  costs 
calculate 
labor  costs 


direct  labor 
standard  data 
goods 
services 
burden 
overhead 
indirect  workers 
auxiliary  services 
profit 

total  estimate 
budgets 
estimators 
fatigue  allowance 
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Involves  Consideration  of 


Think  About  It! 

1.  Why  are  estimators  very  important  to 
shops  that  do  contract  work? 

2.  What  kinds  of  jobs  in  your  community 
would  have  a high  fatigue  allowance 
(time  for  workers’  rest)  ? TVhat  kinds  of 
jobs  would  have  a low  fatigue  allowance? 


Tooling-Up 
for  Production 
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You  have  read  about  making  a product 
design,  deciding  on  the  processes  by  which 
the  product  is  to  be  made,  and  estimating 
the  production  costs.  In  this  reading  you 
will  learn  about  an  important  activity  known 
as  tooling  up  for  production. 


Tooling-Up  Defined 

TooIing-up  includes  four  major  engineer- 
ing jobs: 

1.  Deciding  what  machines,  equipment, 
and  tools  will  be  needed. 

2.  Choosing  and  ordering  all  standard 
machine  tools  and  equipment. 

3.  Designing  and  ordering  any  machines, 
tools,  and  equipment  which  must  be 
specially  made.  Fig.  26-1. 

4.  Supervising  the  installation  of  ma- 
chines and  equipment,  the  start  up,  and 
the  trial  run  of  production. 


For  a new  plant,  or  a plant  tooling  up  for 
a new  product,  large  machines  and  heavy 
equipment  are  needed.  There  are  also  doz- 
ens or  even  hundreds  of  smaller  tooling 
items.  Engineering  jobs  include  choosing, 
ordering,  and  installing  them. 

For  example,  every  plastic  toy,  tooth- 
brush handle,  or  plastic  dish  needs  dies. 
These  dies  must  be  made  to  an  exact  size 
and  shape.  Fig.  26-2.  The  die  may  cost  only 
$100,  or  it  may  cost  $10,000. 

Dies  are  also  needed  for  punching  out  and 
forming  sheet  metal  parts.  Sheet  metal 
parts  are  needed  for  many  products  from 
can  openers  to  light  switches.  Patterns  of 
wood  or  metal  are  needed  before  castings 
can  be  made  for  pumps,  scissors,  or  gears. 
Fig.  25-3.  Printing  plates  and  cutting  dies 
are  needed  before  a cereal  package  can  be 
made. 

In  the  machine  shop,  jigs  are  needed  to 
hold  a part  and  to  guide  a drill  to  its  exact 


Fig.  25-1.  When  high-speed  production  is  needed, 
special  tooling  is  often  used.  This  blowing 
mold  is  used  in  the  production  of  a plastic 
bottle. 


Fig.  25-2.  Getting  the  dies  and  molds  for  forming 
these  products  is  a part  of  tooling-up  for 
production. 
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location,  Fig.  25-4.  Fixtures  are  needed  to 
hold  a workpiece  tightly  on  the  machine  in 
the  right  location  and  position,  Fig.  25-5. 
The  tapes  for  numerically  controlled  (auto- 
mated) machines  must  be  punched  out. 
These  tapes  may  be  short,  or  they  may  be 
over  a thousand  feet  long.  The  long  tapes 
are  made  at  a very  high  speed  by  a com- 
puter. Specially  designed  cutters  are  often 
needed  for  machines  such  as  lathes,  boring 
machines,  or  numerically  controlled  ma- 
chines. 


Fig.  25-3.  The  making  of  special  tooling,  such  as  this 
die,  is  a part  of  tooling-up  for  production. 


Fig.  25-4.  The  use  of  jigs  to  guide  the  tool  increases 
production.  It  reduces  layout  time  and 
improves  accuracy. 


Gages  and  other  measuring  devices  are 
a special  group  of  tools  needed  for  manu- 
facturing, Fig.  25-6.  For  example,  the  di- 
mensions of  a part  coming  off  a production 
line  must  match  the  dimensions  shown  on 
an  engineering  drawing  of  that  part.  Gages 
are  used  to  check  these  dimensions  at  cer- 


Fig.  25-5.  The  process  of  tooling-up  includes  getting 
the  fixtures  that  are  needed  to  hold  the 
work  on  a machine. 


Fig.  25-6.  The  industrial  engineer  gets  standard  measur- 
ing devices  for  production. 
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tain  times  during  production,  Fig.  25-7. 
Measuring  devices  are  important  tools  for 
quality  control.  The  engineer  must  think 
about  all  of  these  when  he  is  tooling  up  for 
production. 


Tooling-Up  Done  by  Engineering 

Tooling  up  for  production  is  an  engineer- 
ing job.  The  engineering  group  in  charge  of 
the  job  is  not  the  same  in  every  company. 
Some  companies  have  a separate  engineer- 
ing department.  The  head  of  this  depart- 
ment, then,  would  probably  be  in  charge  of 
the  complete  job. 

Study  the  chart  in  Fig.  25-8.  It  shows 
a usual  tooling-up  process.  In  a small  com- 
pany one  man  might  do  all  the  work.  In  a 
large  company  the  work  might  be  divided 
among  several  engineers.  So,  the  manufac- 
turing engineer  is  often  in  charge  of  the 
overall  flow  of  materials  through  the  manu- 
facturing plant.  He  will  specify  (select) 
some  equipment,  production  processes,  and 
the  placement  of  all  machines  and  equip- 
ment in  the  proper  areas  of  the  factory. 


Fig.  25-7.  When  special  measuring  devices  are  needed 
for  production,  the  engineer  may  have  them 
made  or  he  may  buy  them. 
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The  process  or  methods  engineer  is  often 
in  charge  of  specifying  in  more  detail  the 
operations  that  will  shape  and  combine  prod- 
uct parts.  He  chooses  special  machines,  jigs, 
fixtures,  tooling,  and  details  of  production 
processes. 

These  men  must  cooperate  (work  togeth- 
er) closely  in  order  to  find  the  best  way  to 
solve  tooling  up  problems. 


Reasons  for  Tooling-Up 

Tooling-up  may  be  a small  job  done  by  a 
junior  engineer  in  a few  hours  or  a large 
job  needing  the  work  of  several  engineers 
for  many  months.  Some  of  the  situations 
calling  for  tooling-up  are  discussed  below. 

When  a new  company  or  plant  is  started, 
tooling-up  is  a big  job.  It  includes  specify- 
ing (selecting)  and  ordering  lathes,  drill 
presses,  numerically  controlled  machines 
(Fig.  25-9),  punch  presses,  conveyors,  tanks, 
ovens,  weaving  looms,  or  printing  presses. 
The  engineer  must  know  a great  deal  about 


Fig.  25-9.  Getting  the  tapes  to  control  this  numerically 
controlled  flamecutter  is  a tooling -up 
operation. 
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Role  of  a Typical  Manufacturing  Engineering  Department 
in  Tooling-Up:  Preparation,  Procurement,  and  Installation 


Engineering  releases  drawings  and  specifications. 


Manufacturing  Engineering  Group  receives  drawings 
and  specifications.  Engineers  proceed  as  follows: 


Secure  Management’s  approval 

Estimate  the  cost  of  tooling- up 

♦ 

of  tooling-up  costs. 

for  production. 

I 


Schedule  use  of 
machines  and 
equipment 
already  in  place. 


I 


I 


E 


Inform  the 
Plant  General 
Foreman. 


I 


Determine  need 
for  relocating 
existing 
machines  and 
equipment. 

Prepare  specifi- 
cations; select 
machines,  equip- 
ment, and  tools 
to  be  purchased. 

[ 

Forward  reloca- 
tion orders  to 
Plant  Layout 
Section. 

Forward 
sitions  1 
chasing 

1 requi- 
:o  Pur- 
Dept. 

I 


Prepare  plans 
for  machines  and 
equipment  to  be 
built  or  rebuilt 
in  the  plant. 


I 


I 


Prepare  specifi- 
cations for 
making  small 
tools,  dies,  and 
gages. 


Forward  requisi- 
tions to  Machine 
Design  Section. 


Forward  requi- 
sitions and  work 
orders  to  Tool 
Design  Shop. 


Supervise  the  installation  of  machines,  equipment,  and  tools. 


I 


Check  out  and  “debug”  the  installation ; supervise  trial  run. 


I 


I^^Turn^^over^^he^^roductioiMmit^^o^^lm^rodi^ 

* At  this  point  the  actual  tooling-up  activities  begin. 

Fig.  25-8.  The  duties  of  a typical  manufacturing  engineering  department  in  tooling  up  can  be  seen  in  this  chart. 
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Determine  what  machines,  equipment, 
and  tools  are  available  for  use. 

Determine  what  machines,  equipment. 

and  tools  must  be  purchased  or  made. 

'i 

^ i 

149 


150 


The  World  of  Manufacturing 


the  product  to  be  made.  He  must  also  know 
what  equipment  and  tools  his  plant  will  need. 

Changing  a model  of  a television  set,  re- 
frigerator, or  automobile  often  means  a big 
tooling  up  job.  Features  such  as  conveyor 
systems,  forming  dies,  and  assembly  lines 
must  be  redesigned  or  relocated.  Even  a 
small  change  in  the  design  of  a single  part 
may  mean  changing  a drill  jig,  milling  fix- 
ture, or  a numerically  controlled  tape. 

Changing  material  specifications  may 
mean  major  tooling  changes.  For  example, 
changing  the  material  of  a television  tuning 
knob  from  metal  to  plastic  means  a new  die 
and  a different  machine.  It  may  also  mean  a 
new  way  of  fastening  the  knob  to  the  shaft. 

Adopting  new  or  improved  methods  of 
production  may  mean  spending  many  thou- 
sands of  dollars.  The  tooling-up  specialist 
needs  to  know  about  N/C  {numerical  con- 
trol) or  other  new  methods. 


Steps  in  Tooling-Up 


Many  of  the  steps  taken  in  a major  tool- 
ing up  job  are  shown  in  Fig.  25-8.  During 
this  entire  job  many  departments  and  peo- 
ple cooperate  in  ways  the  chart  cannot 
show.  Each  member  of  the  manufacturing 
engineering  group  uses  his  specialized  knowl- 
edge. 

During  the  process  of  tooling-up,  some  of 
these  specialists  may  suggest  ways  to  im- 
prove methods  or  redesign  a process.  Sug- 
gestions are  i.mportant  because  the  right  de- 
cisions made  now  could  greatly  reduce  the 
cost  of  the  product.  Of  course,  lower  costs 
increase  the  company’s  profit. 

Time  is  also  important.  If  a quick  start- 
up is  needed,  there  may  not  be  time  to  wait 
for  delivery  of  a new  machine.  Alternate 
methods  must  be  used. 


Summary 

Tooling  up  for  production  must  be  in  the 
charge  of  skillful,  trained  people.  They  are 
supposed  to  get  the  right  machines,  equip- 
ment, and  tools  to  make  a specified  product. 
The  engineers  in  charge  of  tooling-up  make 
important  decisions  about  the  machines, 
equipment,  and  tools.  Their  decisions  will 
affect  the  profit  their  company  makes.  Tool- 
ing-up activities  in  manufacturing  firms  usu- 
ally replace  or  change  the  basic  equipment 
already  in  place.  Tooling-up  may  be  very 
expensive  or  quite  cheap.  It  must  be  done 
well  at  the  lowest  cost  possible  for  both 
simple  and  complicated  products.  Tooling-up 
makes  production  possible.  In  the  next 
reading  you  v/ill  learn  how  management 
controls  the  flow  of  parts  and  products  after 


quality  control 

overall  flow 

specifying 

cooperate 

conveyor  systems 

forming  dies 

material  specification 

numerical  control  (N/C) 

dimensions 


1.  What  would  happen  if  the  dimensions  of 
a part  coming  off  a production  line  do  not 
match  the  dimensions  shown  on  the  en- 
gineering drawing  for  that  part? 

2.  What  tooling  up  changes  would  have  to 
be  made  if  a television  manufacturer 
wanted  to  make  a television  model  that 
would  have  a larger  viewing  screen  than 
any  of  his  other  models? 


production  starts. 

Terms  to  Know 

tooling-up 

dies 

patterns 
printing  plates 
cutting  dies 
jigs 

fixtures 

tapes 

cutters 

gages 

Think  About  It! 
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and  Controls  Production 


A manufacturing  company  is  like  a river 
system  fed  by  many  streams.  The  materials 
and  purchased  parts  flow  together  to  form 
small  rivers.  The  rivers  flow  together  at 
various  stages  of  manufacture.  After  proc- 
essing and  final  assembly,  the  product  flows 
out  to  an  “ocean”  of  customers.  Manage- 
ment must  keep  all  the  materials  flowing 
through  the  production  sequence.  These 
management  activities  are  called  production 
control. 

Planning  for  the  control  of  production 
starts  many  weeks  or  months  before  produc- 
tion begins.  Production  control  makes  sure 
that  the  right  material  in  the  right  amount 
is  at  the  right  place  at  the  right  time,  Fig. 
26-1.  Anything  that  keeps  this  from  hap- 


Installing 
Production 
Control  Systems 


pening  is  a production  control  problem.  Ihe 
men  who  solve  these  problems  work  closely 
with  the  personnel  (employment)  depart- 
ment, the  purchasing  department,  and  with 
several  other  groups  in  the  company. 


Importance  of  Production  Control 

Production  control  reduces  waste  of  sev- 
eral kinds: 

1.  The  waste  of  space  when  extra  quanti- 
ties of  material  take  up  storage  room, 

2.  The  waste  of  time  when  workers  are 
idle,  and 

3.  The  waste  of  time  when  machines  or 
whole  production  lines  are  shut  down. 


Fig.  26-1.  Individual  parts  and  subassemblies  must  arrive 
at  the  final  assembly  line  in  the  correct  order. 
The  next  car  may  have  a different  engine  or 
be  a different  color. 


Fig.  26-2.  Some  parts  are  manufactured  in  large  quan- 
tities and  stocked.  Customer  orders  are 
filled  from  this  stock. 
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DIAGRAM  SHOWING  HOW  PAPER  IS  MADE  ON  A MODERN  FOURDRINIER  PAPERMAKINO  MACHINE 


Stock  Production  and 
Order  Production 

Management  usually  knows  what  it  will 
do  with  the  finished  product.  Customers  may 
have  already  ordered  the  product.  Manage- 
ment may  be  fairly  sure  that  orders  will  be 
coming  in.  If  production  starts  only  after  an 
order  comes  in,  it  is  called  order  production. 
If  the  product  is  to  be  stored  to  wait  for  cus- 
tomer orders,  manufacturing  begins  (or 
continues)  tor  stock. 

There  will  usually  be  customers  for  cer- 
tain products.  Fig.  26-2.  Products  like  shoes, 
towels,  canned  peaches,  or  aspirin  may  be 
manufactured  for  stock.  In  fact,  most  of  the 
manufactured  products  you  use  are  made  for 
stock,  and  they  are  available  upon  customer 
demand. 

Some  products  are  not  actually  made  until 
a customer  has  ordered  them.  Perhaps  the 
product  is  very  expensive,  Fig.  26-3.  Perhaps 


Fig.  26-3.  Only  one  of  this  magnet  assembly  for  an 
atom  smasher  will  be  built.  Machines  of  this 
kind  are  made  after  a customer  has  placed 
an  order. 


Fig.  26-4.  Many  products  are  made  by  continuous 
processes.  Raw  materials  go  in  one  end  of 
this  machine  and  finished  paper  comes  out 
the  other. 

there  will  be  several  slightly  different  forms 
of  the  product.  Sometimes  the  customer  asks 
for  certain  product  details.  Equipment  for 
underground  coal  mining  is  this  kind  of  prod- 
uct. The  kind  of  equipment  the  customer 
needs  will  depend  on  the  depth  and  thickness 
of  the  coal  vein.  The  manufacturer  and  cus- 
tomer must  work  closely  together  to  get  the 
right  machinery  ordered.  Then  the  large,  ex- 
pensive pieces  of  equipment  are  manufac- 
tured. This  is  production  for  order  {to 
order) . 


Continuous,  Custom, 
and  Intermittent  Production 

Continuous  production  (production  that 
goes  on  all  the.  time)  is  common  in  plants 
where  large  numbers  of  products  are  made. 
Often  this  kind  of  production  is  called  wioss 
production.  Continuous  production  is  com- 
mon in  the  steel,  chemical,  petroleum,  and 
paper  manufacturing  fields.  Fig.  26-4.  In 
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these  plants,  materials  are  processed  for  the 
future  use  of  other  manufacturers.  Continu- 
ous production  is  also  common  in  assembly 
plants.  In  these  plants,  thousands  or  even 
millions  of  the  same  product  are  made  each 
year.  Usually,  continuous  production  is  pro- 
duction for  stock,  because  the  product  is 
consumed  rapidly. 

Custom  production  is  planned  to  fill  a cus- 
tomer’s order.  Fig.  26-5.  It  is  often  called 
jobbing  {job  shop)  production.  The  number 
of  products  made  is  usually  low.  A manufac- 
turer, however,  sometimes  decides  to  make 
an  item  or  a small  number  of  items  for 
stock.  This  may  also  be  called  custom 
production. 

Production  is  intermittent  if  it  starts  and 
stops  at  different  times.  Suppose  the  number 
of  sales  for  a product  is  not  high  enough  for 
continuous  production  but  too  high  for  cus- 
tom production.  Then  the  manufacturer  will 
plan  intermittent  production.  Intermittent 
production  has  one  advantage.  The  same 
equipment  may  be  used  to  manufacture  sev- 
eral different  products.  Only  a small  change 
of  input  or  machinery  is  needed.  For  ex- 
ample, the  machinery  that  bottles  and 
sterilizes  baby  food  can  process  several 
kinds  of  baby  foods.  A change  from  apple- 
sauce to  banana  pudding  might  mean  chang- 


Fig. 26-5.  Every  ocean  liner  is  produced  for  order.  Each 
liner  is  made  to  exact  custom  details. 


ing  processing  temperatures,  but  the  same 
machinery  would  be  used.  Fig.  26-6.  Inter- 
mittent production  can  be  planned  to  fill  an 
order  or  to  build  up  stock. 

Types  of  Production  Control 

A manufacturer  chooses  the  kind  of  pro- 
duction control  that  best  fits  his  own  kind  of 
production.  Oi'der  control  and  flow  control 
are  two  of  the  most  common  kinds  of  pro- 
duction control  systems.  Other  kinds  include 
batch  control,  block  control,  load  control,  and 
special  project  control. 


Practices  of  Order  Control 

Usually,  custom  and  intermittent  produc- 
tion use  a kind  of  production  control  called 
order  control.  Intermittent  production  often 
uses  general-purpose  machines.  Many  differ- 
ent products  can  be  made  on  these  machines 
by  skilled  machine  operators.  Custom  (made 
to  order)  shops  and  general  machine  shops 
both  use  order  control. 


Fig.  26-6.  Large  quantities  of  one  kind  of  soft  drink 


may  be  produced  with  this  machine.  The  con- 
tents and  bottles  may  be  changed  for  a 
different  kind  of  soft  drink.  This  is  one  kind 
of  intermittent  production. 
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Order  control  usually  goes  through  the 
following  steps ; 

1.  Making  up  bills  of  material, 

2.  Setting  up  route  sheets, 

3.  Scheduling, 

4.  Dispatching, 

5.  Monitoring, 

6.  Reporting,  and 

7.  Correcting. 
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Production  planning  and  production  con- 
trol are  done  at  the  same  time.  Order  control 
starts  with  order  planning  and  organizing. 
First  the  customer’s  order  is  studied.  Then 
a bill  of  material  is  issued  (written  up) . This 
bill  of  material  lists  amounts  of  the  different 
materials  needed,  Fig.  26-7. 

Next,  route  sheets  are  set  up  to  show  in 
the  right  order  the  operations  needed  to  com- 
plete the  order.  Fig.  26-8. 


BILL  OF  MATERIALS 

Assembly  Name  Midget  Water  Purifier  Model  Number  13 

Quantity  2,000 

Drawing  Number  6819 

Date  June  25,  1971 

Sheetlof  1_ 

Part 

Units 

Inventory 

umber 

Part  Name 

Required 

Unit 

Code  No. 

1 

Body 

2,000 

ea. 

363 

2 

Base  Container 

2,000 

ea. 

126 

3 

Neck  Funnel 

2,000 

ea. 

427 

4 

Cap 

2,000 

ea. 

226 

5 

Cap  Hinge 

2,000 

pair 

541 

6 

Cap  Lock 

2,000 

ea. 

143 

7 

Filter 

4,000 

ea. 

106 

Purification  Granules 

1,000 

lb. 

71 

Fig.  26-7.  This  bill  of  materials  lists  the  numbers  of  each 
part  needed  to  fill  the  customer's  order. 


Part  Name  Cap  Plate 

ROUTE  SHEET 

Part  Number  A-24 

Part  Number  A 

Drawing  Number  1317 

Material 

Cast  Aluminum 

Date  Effective  June  25, 1971 
Sheet  J_  of  J_ 

Operation 

No. 

Description  of  Operation 

Machine 

Tools,  Jigs,  etc. 

Std.  Time  (min)  Qper, 
Setup  ProdfSpec, 

A 24-1 

Face  surfaces 

Lathe 

4-jaw  independent 
chuck 

10  10 

A 24-2 

Drill  4 holes 

Drill 

w T.  S.  Drill 

10  10 

A 24-3 

Counterbore  4 holes 
IM"  by  Vs"  deep 

Mill 

IM  " C’  Bore  with 
5^"  pilot 

6 6 

A 24-4 

Press  part  number  on 
outside 

Arbor 

Press 

Jig  #A-24-4 

4 2 

Fig.  26-8.  This  route  sheet  shows  the  correct  order  of  the  operations  needed  to  complete  the 
customer's  order. 
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The  next  step  is  scheduling.  The  time 
needed  for  each  operation  is  figured.  Then,  a 
timetable  is  set  up  for  completing  the  prod- 
uct in  the  amount  ordered.  The  schedule 
shows  dates  for  ordering  and  receiving  all 
necessary  inputs,  for  starting  production  of 
parts,  for  subassembly,  and  for  final  assem- 
bly operations.  Fig.  26-9. 


Fig.  26-9.  If  parts  have  not ’been  scheduled  correctly, 
white  refrigerators  may  end  up  with  green 
doors. 


Fig.  26-10.  Inspection  is  part  of  monitoring.  The  right 
quantity  and  quality  must  be  produced. 
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Dispatching  is  next.  It  includes  making  up 
work  orders,  job  orders,  or  factory  releases. 
These  orders  release  (let  go)  material  from 
storage  in  order  to  start  production  and  are 
called  the  activating  orders.  They  form  the 
dividing  line  between  production  planning 
and  production  controlling.  Controlling  or- 
ders begin  after  the  material  starts  moving 
through  the  production  system. 

Monitoring  means  checking  the  work  per- 
formance. It  also  means  comparing  the  prod- 
uct with  the  details  of  the  original  produc- 
tion plan.  Both  the  quality  and  quantity  of  a 
product  are  checked.  Fig.  26-10.  The  produc- 
tion performance  is  recorded  on  a chart. 

Reporting  means  telling  people  with  au- 
thority (those  who  can  maintain  production 
or  change  it)  whether  production  is  going 
according  to  plan.  Correcting  means  making 
any  changes  that  are  needed. 


Practices  of  Flow  Control 

The  flow  control  system  is  simpler  than 
the  order  control  system.  No  routing  sheets 
are  needed.  The  routing  was  figured  out  when 
the  processing  equipment  was  designed.  Thus 
the  production  plan  only  includes : 

1.  Figuring  out  the  quality  and  quantity 
of  the  output, 

2.  Getting  the  necessary  inputs,  and 

3.  Making  out  material  releases. 

The  control  plan  keeps  production  moving  at 
the  right  rate  and  with  the  right  quality. 

Continuous  production  uses  special  pur- 
pose machines  and  equipment.  They  do  only 
one  operation.  Semiskilled  operators  can  be 
hired  to  run  them.  Oil  refineries,  chemical 
plants,  and  some  food  processing  plants  are 
examples.  Flow  control  is  best  for  this  kind 
of  production. 


Other  Kinds  of  Control 

Many  food  processing  plants  use  what  is 
called  hatch  control,  Fig.  26-11.  Only  one  set 
of  ingredients  (materials)  is  used  to  make 
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one  batch  of  the  product  at  a time.  Examples 
are  baking  bread,  cookies,  or  cakes.  Each  of 
these  products  is  made  from  a recipe  (a  list 
of  ingredients  with  the  amounts  to  be  used 
and  the  order  in  which  they  are  to  be  used). 
The  same  recipe  may  be  used  continuously  or 
several  recipes  may  be  used  intermittently. 

Textile  industries  use  a block  control  sys- 
tem. For  example,  with  this  kind  of  control, 
a block  of  100  shirt  backs,  collar  pieces, 
pockets,  left  and  right  fronts,  and  left  and 
right  sleeves  can  be  cut  out  in  one  size.  This 
block  of  parts  can  be  sent  to  assembly  (sew- 
ing) while  a block  of  parts  for  a different 
shirt  size  is  being  cut  out. 

Newspaper  printing  is  done  by  load  con- 
trol. Every  page  must  be  run  through  the 
printing  presses,  so  the  press  speed  and  set- 
up time  control  the  production  system.  All 
work  that  gets  the  pages  ready  to  print  must 
meet  set  deadlines  (time  limits).  Otherwise, 
the  newspaper  cannot  be  printed  and  de- 
livered on  time. 

Special  project  control  is  used  for  prod- 
ucts like  spaceships,  lunar  transport  ve- 
hicles, and  nuclear  submarines.  It  is  very 
important  for  these  vehicles  to  be  safe  for  the 
people  who  ride  in  them. 


Inventory  Control 

The  word  inventory  has  several  meanings. 
Sometimes  it  means  all  the  property  owned 
by  a company.  It  can  include  plants,  equip- 
ment, raw  materials  stored  for  processing,  or 
finished  products  held  in  stock.  When  a fac- 
tory manager  speaks  of  his  materials  inven- 
tory, he  is  talking  about  the  exact  amounts 
of  all  the  materials  m,^rage. 

The  word  inventorjralsOvi^ans  a record. 
This  record  is  a list  of  itenwkn4qu  antities 
carefully  arranged  in  a useful  way.  Fig. 
26-12.  Inventories  may  be  arranged  in  many 
useful  ways.  The  system  of  record-keeping 
that  a company  uses  depends  upon  the  kind 
of  products  it  makes. 

Taking  inventory  means  counting  the  num- 
ber of  products  and  materials  in  the  plant. 
Most  companies  take  inventory  at  regular 
times  (once  every  week,  once  every  month, 
or  once  every  year).  Controlling  inventory 
means  planning  ahead  so  that  there  will  al- 
ways be  enough  materials  and  tools  on  hand. 

Controlling  inventory  is  very  important. 
In  a large  plant  it  can  be  a large  and  compli- 
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Fig.  26-11.  Candy  is  produced  in  batches.  The 
ingredients  in  each  batch  must  be 
controlled. 


Fig.  26.12.  Records  must  be  kept  of  the  material  in 
process  as  well  as  material  ready  for 
shipment.  This  is  part  of  inventory  control. 
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cated  job,  Fig.  26-13.  Suppose  a single  ma- 
chine shuts  down  because  there  is  no  replace- 
ment for  a worn-out  part.  The  factory’s 
whole  production  schedule  may  be  upset. 
Suppose  the  supply  of  one  raw  material  runs 
out.  Production  may  stop  until  a new  supply 
arrives,  Fig.  26-14.  Inventory  control  per- 
sonnel must  look  ahead.  They  must  know 
what  will  be  needed  next  week  or  next  month. 
For  example,  suppose  the  cutting  blade  on  a 
machine  always  wears  out  after  a few  days’ 
use.  A supply  of  replacement  blades  must  be 
kept  on  hand.  Suppose  next  month’s  produc- 
tion of  axes  is  to  be  painted  red.  The  red 
paint  must  be  ordered  in  time  to  be  checked 
for  color  matching.  Otherwise,  it  won’t  be 
ready  for  use  on  time. 


Summary 

Production  control  personnel  must  plan 
for,  organize,  and  control  the  flow  of  ma- 
terials through  all  production  processes. 
They  work  closely  with  other  grroups  to  keep 
machines  running  and  to  use  manpower  ef- 
ficiently. 

The  schedule  for  production  flow  depends 
upon  customer  needs,  sales  volume,  and  other 
factors.  Production  often  does  not  start  until 


Fig.  26-13.  Modern  industries  use  computers  for 

production  control  and  inventory  control. 


an  order  is  received.  Often  it  goes  on  steadily, 
keeping  ahead  of  orders.  One  production 
line  may  make  a single  item  for  many 
months.  Another  production  line  may  be  used 
to  manufacture  many  different  items. 

The  kind  of  production  control  system 
used  depends  largely  on  the  number  and 
kind  of  products  made  in  the  plant.  Order 
control  is  widely  used  in  custom  and  inter- 
mittent production.  Flow  control  is  common 
in  continuous  production.  Control  may  be  by 
batch,  block,  or  load.  Where  human  safety  is 
needed,  special  project  control  may  be  used. 

Production  planning  and  production  con- 
trol go  on  together.  Production  control  usu- 
ally starts  when  the  wheels  of  manufactur- 
ing start  to  turn.  But  much  work  is  done  by 
production  control  engineers  before  that 
time.  Production  control  may  mean: 

1.  Making  out  orders  for  materials, 

2.  Routing  and  scheduling  materials, 

3.  Dispatching  job  and  work  orders, 

4.  Keeping  records  of  actual  performance 
of  men  and  machines, 

6.  Comparing  these  performances  with  the 
original  plan,  and 

6.  Starting  corrective  action  when  neces- 
sary. 


Fig.  26-14.  Production  control  makes  sure  the  right 
number  of  the  right  parts  are  ready  to  be 
shipped  to  the  right  customer  at  the 
right  time. 
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Production  control  depends  a lot  upon  con- 
trolling inventory.  The  right  material  in  the 
right  amount  must  be  in  the  right  place  at 
the  right  time. 


Terms  to  Know 

production  control 
production  control 
problem 

personnel  department 
purchasing  department 
order  production 
stock 

production  for  order 
continuous  production 
mass  production 
custom  production 
jobbing  (job  shop) 
production 
intermittent 
intermittent 
production 
order  control 
flow  control 
batch  control 
block  control 
load  control 
special  project  control 


custom  shops 

bill  of  material 

issued 

route  sheets 

scheduling 

dispatching 

releases 

activating  orders 

controlling  orders 

monitoring 

reporting 

authority 

correcting 

ingredients 

recipe 

assembly 

deadlines 

inventory 

materials  inventory 
record 

taking  inventory 
controlling  inventory 


Production  Control 


-Custom  production 
-Intermittent  production 


Think  About  It! 

1.  What  kinds  of  manufactured  products 
can  you  think  of  that  would  be  processed 
by  Tnass  production^  by  custom  produce 
tionf  by  intermittent  production? 

2.  What  kinds  of  materials  would  you  find 
in  the  inventory  of  a bakery? 


o 

ERIC 


sL  / O 


V;  ^ j 


•\  natvy*' w> '» icrt  A ;■ 


If  a product  has  been  poorly  designed  or 
produced,  there  is  a lot  of  waste.  The  com- 
pany has  lost  the  cost  of  the  raw  materials. 
It  has  paid  wages  for  supervising,  handling, 
processing,  and  inspecting.  Now  it  must  add 
all  these  costs  to  the  cost  of  the  products 
good  enough  to  be  sold.  The  cost  of  the 
scrap  must  also  be  added  to  the  cost  of  the 
products  to  be  sold.  All  this  increases  the 
price  to  the  customer.  High  prices  may 
force  customers  to  buy  from  competitors 
(others  who  sell  the  same  products).  So 
quality  control  systems  are  important  if  a 
company  wants  to  stay  in  business. 


Quality  Standards 
Prom 

Production  Engineering 


Fig.  27*1.  The  quolity  control  loop  makes  sure  the 
products  to  be  sold  ore  not  poorly  made . 
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Operating 
Quality  Control 
Systems 

Nature  of  Quality  Control 

Quality  control  may  be  defined  as  those 
actions  needed  to  make  sure  the  product  is 
good  enough  to  be  sold.  There  are  three 
main  stages  in  the  quality  control  system 
(control  loop) . These  are  monitoring,  re- 
porting, and  correcting,  Fig.  27-1. 

Monitoring 

Inspecting  is  one  kind  of  monitoring. 
There  are  three  main  kinds  of  inspection: 
receiving,  in-process,  and  end-process  in- 
spection. 

Receiving  inspection  makes  sure  that  the 
raw  material  and  purchased  parts  tit  the 
production  specifications,  Fig.  27-2.  It  an- 
swers the  question : Are  we  getting  what  we 
are  paying  for?  Materials  are  inspected  when 
they  arrive  at  the  plant.  This  inspection  is 


Fig.  27>Z  Raw  moteriols  ore  inspected  as  they  are 
received. 
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done  by  chemical  analysis,  physical  and 
metallurgical  tests,  checking  dimensions, 
and  counting  the  quantity  of  material  re- 
ceived. 

In-process  inspection  includes  all  the  in- 
spections made  during  the  manufacturing 
process.  These  inspections  make  sure  the 
product  will  be  good  enough  to  be  sold.  Fig. 
27-3.  Production  workers  and  inspectors 
make  in-process  inspections.  Production 
workers  are  in  charge  of  product  quality. 
Inspectors  only  examine  and  report  the 
quality  of  what  production  workers  are 
making.  Thus,  both  production  workers  and 
inspectors  must  use  similar  gages  and  meas- 
uring instruments. 

End-process  inspection  is  the  inspection 
that  follows  the  completion  of  a manufac- 
turing process.  Fig.  27-4.  The  questions 
asked  at  this  point  are : Will  it  fit  together 
with  other  parts?  Will  it  work?  Will  it  work 
as  long  as  needed  for  customer  satisfaction  ? 
Will  it  work  at  the  temperatures,  speeds, 
and  loads  that  it  is  supposed  to?  The  an- 
swers to  these  questions  can  only  be  had 
from  a lot  of  highly  specialized  test  equip- 
ment. 


Reporting  and  Correcting 

Inspectors  first  collect  information  on 
qualitj-.  Then  they  report  the  results  to 
production  control.  If  the  product  is  being 
made  according  to  plan,  this  is  reported.  If 
it  is  substandard  (poorly  made),  this  is 
reported. 

If  the  product  is  being  made  according 
to  plans,  no  corrective  action  is  needed.  If 
the  product  is  poorly  made,  however,  pro- 
duction must  be  stopped  until  the  right 
changes  can  be  made.  Supervisors  and  pro- 
duction workers  must  first  find  the  trouble. 
Then  they  must  make  the  right  changes  to 
make  sure  the  product  is  not  poorly  made. 

Computers  can  play  an  important  part  in 
the  inspecting  (monitoring),  reporting,  and 
correcting  loop.  A computer  called  an  awa- 
log  computer  can  be  programmed  to  tell 


Operating  Quality  Control  Systems 

poorly  made  products  from  good  ones.  Then 
it  signals  the  need  for  corrective  action. 


Acceptable  Quality 

Products  good  enough  to  be  sold  are  prod- 
ucts with  acceptable  quality.  There  are 
many  standards  (rules)  of  acceptable  qual- 
ity to  which  products  are  made.  There  are 
international  standards.  United  States  stand- 


Fig.  27-3.  In-process  inspection  is  used  for  process 
control. 


Fig.  27*4.  Products  must  pass  a finol  inspection  before 
packing. 
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ards,  and  military  standards.  There  are 
standards  set  up  by  different  professional 
engineering  groups.  There  are  also  standards 
set  up  by  the  management  of  one  company. 
The  customer  has  the  final  control  on  what 
standards  are  used  by  any  company.  Prod- 
ucts made  to  be  sold  in  international  trade 
should  use  international  standards.  Prod- 
ucts for  sale  to  the  United  States  govern- 
ment must  meet  United  States  standards. 
Products  for  sale  to  the  public  must  meet 
standards  good  enough  to  get  and  keep 
customers. 


Nonfabricated  Products 

Products  put  together  from  tvm  or  more 
mechanical  parts  are  usually  called  fabri- 
cated products.  Products  of  only  one  piece, 
such  as  a paper  clip,  are  also  fabricated 
products  since  they  are  formed  from  stand- 
ard stock  (wire).  Products  that  are  not 
made  of  mechanical  parts  are  often  called 
process  products.  Examples  of  process  {non- 
fabricated) products  are  shoe  polish,  break- 
fast cereal,  toothpaste,  gasoline,  paper,  and 
steel. 

To  control  the  quality  of  process  products, 
many  features  must  be  inspected.  These 
features  include  color,  taste,  odor,  texture, 
hardness,  brittleness,  and  fluidity.  The  prod- 
uct is  designed  to  a set  of  specifications 
(description  of  quality,  number  of  parts, 
sizes,  chemical  formulas,  and  other  data). 
Fig.  27-6.  Quality  control  personnel  run 
many  chemical  and  physical  tests  to  make 
sure  that  the  quality  of  process  products  is 
acceptable. 

Fabricated  Products 

The  specifications  and  standards  for  fab- 
ricated products  are  usually  given  on  the 
working  drawings.  Four  conditions  must  be 
checked  and  measured  for  fabricated  prod- 
ucts. Three  of  these  conditions  are  checked 
during  the  in-process  stage.  One  is  checked 
at  the  end-process  stage. 


The  condition  of  size  is  the  easiest  to 
check.  Fig.  27-6.  It  answers  the  questions: 
How  big?  How  long?  How  deep?  How  thick? 
The  condition  of  shape  or  form  is  not  so 
easily  checked.  Sometimes  it  is  hard  to 
measure  quickly.  Fig.  27-7.  This  condition 
answers  the  questions : How  flat?  How  rough 
or  smooth?  How  nearly  round?  (See  Fig. 


Fig.  27-5.  Paint  quality  for  an  automobile  plant  is 
controlled  from  this  room. 


Fig.  27-6.  Most  machined  ports  ore  inspected  for 
size. 
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27-8.)  How  straight?  The  condition  of  posi- 
tional relationship  checks  the  way  two  or 
more  surfaces  are  related.  Are  they  par- 
allel? Do  they  meet  at  right  angles? 

These  three  conditions  are  inspected  dur- 
ing the  in-process  stage  of  production.  Both 
production  workers  and  inspectors  check 
the  conditions  of  size,  shape  or  form,  and 
positional  relationship. 

The  fourth  condition  is  the  condition  of 
assembly  and  function.  This  is  inspected  at 
the  end-process  stage.  The  inspection  an- 
swers the  questions:  Will  it  assemble?  Will 
it  work  under  the  conditions  it  is  supposed 
to?  Will  it  work  as  long  as  it  should?  This 
is  the  “proof  of  the  pudding”  or  “moment 
of  truth.”  The  product  to  be  sold  will  be 
acceptable  if:  (1)  the  industrial  designer 
has  designed  it  well,  (2)  the  production  en- 
gineer has  planned  the  manufacturing  proc- 
esses well,  and  (3)  the  quality  controller 
has  monitored  the  product  quality  well 
enough. 

Production  workers  are  directly  responsi- 
ble for  quality  of  the  product.  They  check 
their  work  carefully.  They  use  the  same 
kinds  of  inspection  tools  that  quality  control 
people  use. 


Interchangeability  of  Parts 

Mass  production  is  impossible  unless  all 
the  parts  of  one  kind  are  almost  identical 
(the  same  size) . All  the  parts  must  be  very 
nearly  identical  so  that  they  are  inter- 
changeable. To  be  interchangeable,  any  one 
of  several  thousand  identical  pieces  of  one 
part  will  fit  with  any  one  of  several  thou- 
sand pieces  of  a joining  part.  The  joined 
part  must  then  be  able  to  do  the  job  it  is 
supposed  to  do.  Interchangeability  of  parts 
means  making  quantities  of  any  part  so  that 
any  one  piece  can  be  joined  to  its  partner 
without  special  fitting.  All  the  pieces  must 
fit  together  and  work  well.  Parts  must  be 
accurately  (precisely)  made  to  be  inter- 
changeable. Thus,  replacement  parts  can  be 
gotten  quickly  and  cheaply  when  they  are 
needed. 

Interchangeable  parts  are  picked  at  ran- 
dom (by  chance)  on  the  assembly  line.  For 
example,  the  man  on  the  assembly  line  must 
be  able  to  pick  up  and  install  a fan  blade 
that  is  interchangeable  with  thousands  of 
other  fan  blades.  The  fan  blade  that  is 
picked  from  the  available  stock  must  fit  and 
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Fig.  27-7.  A standards  laboratory  can  moke  sure  of 
the  accuracy  of  electrical  instruments. 


Fig.  27-8.  This  machine  finds  errors  in  roundness  as 
small  as  one-millionth  of  an  inch. 
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do  the  job  it  is  supposed  to  do,  Fig.  27-9. 
The  factory  assembly  line  does  not  allow 
each  part  to  be  “custom  fitted.’’ 


Variations  of  Parts 

All  identical  parts  differ  a little.  There  is 
no  such  thing  as  an  exact  size.  For  example, 
if  10  people  marked  off  a distance  of  one- 
inch,  there  might  be  10  different  measure- 
ments. A microscope  would  show  there  were 
measurement  points  on  both  sides  of  a 
standard  one-inch  measure.  There  are  many 
reasons  for  this:  the  sharpness  of  the  pen- 
cil, the  accuracy  of  the  ruler,  the  texture  of 
the  material  marked  on,  the  quality  of  the 
measurer’s  vision,  and  the  skill  of  the  meas- 
urer, Fig.  27-10. 

In  industry,  variations  (slight  differences 
in  size)  may  happen  because  of  wear  to  the 
machines  and  tools.  Every  time  a tool  cuts, 
or  parts  rub  together,  a very  slight  abra- 
sion (wear)  takes  place.  This  is  one  reason 
why  tools  become  dull  and  machines  wear 
out. 


While  he  is  doing  his  job,  a worker  may 
make  mistakes.  This  is  another  cause  of 
variation.  No  two  people  have  the  same 
skills,  so  the  quality  of  each  person’s  work 
will  be  different.  Other  variations  may  be 
caused  by  a poor  grade  of  materials,  shrink- 
age or  expansion  of  materials,  or  a power 
failure  in  the  machine  or  assembly  line. 


Control  by  Sampling 


When  many  thousands  of  parts  are  made, 
each  individual  part  does  not  have  to  be  in- 
spected. If  a small  percentage  of  poorly 
made  parts  is  acceptable,  sampling  inspec- 
tion may  be  used.  For  example,  nails  may 
be  acceptable  if  no  more  than  1%  (one  out 
of  100)  have  a defective  (poorly  made) 
head  or  point.  The  inspector  might  check 
1000  nails  at  random  from  a barrel  of  thou- 
sands. Suppose  he  found  only  five  with 
defective  heads  or  points.  Five  out  of  1000 
is  only  one  half  of  1%  (.006).  Thus,  he 
could  safely  decide  that  the  barrel  of  nails 
was  acceptable. 


Fig.  27*9.  Modern  assembly  lines  are  possible 
because  of  interchangeable  ports. 


Fig.  27-I0.  Measurement  differences  may  be  due  fo 
the  part,  the  measuring  instrument,  or 
the  inspector. 
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Destructive  Testing 

Destructive  testing  means  that  the  prod- 
uct is  destroyed  while  it  is  being  tested.  For 
example,  an  automobile  tire  is  wear-tested 
(worn  out)  to  see  how  long  it  will  last,  Fig. 
27-11.  Of  course,  a piece  that  is  destruc- 
tively tested  will  no  longer  be  acceptable. 


Fig.  27-11.  This  part  is  destroyed  by  o destructive 
strength  test. 


Fig.  27-12.  A mognefic  lest  con  find  internol  flows 
(defects!  without  destroying  the  port. 


Nondestructive  Testing 

In  nondestructive  testing,  the  product  is 
not  destroyed  in  the  process  of  inspection. 
Items  are  acceptable  within  limits  stated  in 
the  specifications.  The  limits  are  controlled 
by  many  different  gages  and  devices.  Some 
of  these  gages  test  size,  shape,  surface 
smoothness,  and  hole  alignment.  Other  de- 
vices test  the  internal  (inside)  structure  of 
the  material.  Fig.  27-12.  Metal  can  be  X- 
rayed  for  air  pockets  or  cracks.  There  are 
also  gages  for  measuring  flatness  or  round- 
ness and  gages  for  testing  the  operation  of 
the  product. 


Summary 

Quality  control  only  controls  a product’s 
quality  indirectly.  It  measures  the  product 
against  standards  and  reports  the  results. 
The  production  department  is  the  direct 
controller  and  producer  of  product  quality. 
Inspection  reports  help  in  monitoring  prod- 
uct quality  and  in  taking  corrective  action. 
Control  of  quality  includes  monitoring  (in- 
specting), reporting,  and  correcting. 

Process  (nonfabricated)  products  must  be 
controlled  for  their  color,  taste,  odor,  hard- 
ness, fluidity,  viscosity,  and  other  features. 
Many  chemical  and  physical  tests  are  used 
to  see  if  the  product  is  being  made  accord- 
ing to  formula  or  plan. 

Specifications  for  fabricated  products 
must  be  checked  for  four  conditions;  size, 
form  or  shape,  positional  relationship,  and 
assembly  and  function.  Quality  control  gages 
check  the  first  three  conditions  while  the 
product  is  being  manufactured.  Assembly 
inspections  take  place  after  the  product  is 
made. 

Quality  control  systems  make  sure  that 
interchangeable  parts  are  produced  for  fab- 
ricated products.  By  sampling,  inspectors 
can  judge  the  quality  of  the  parts  without 
checking  them  all.  Inspection  and  testing 
can  be  done  by  destructive  testing  or  non- 
destructive testing. 
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Controlling 


-Receiving  Inspection 
-In-process  inspection 
-End-process  inspection 


Terms  to  Know 

competitors 
quality  control 
control  loop 

a.  monitoring 

b.  reporting 

c.  correcting 
inspecting 

a.  receiving 

b.  in-process 

c.  end-process 
substandard 
analog  computer 
acceptable  quality 
standards 

fabricated  products 
process  products 
nonfabricated 
products 


Think  About  It! 

1.  What  kinds  of  products  would  be  tested 
by  destructive  testing  7 What  kinds  by 
nondestructive  testing! 

2.  When  many  thousands  of  parts  are  made 
by  mass  production,  why  is  it  not  neces- 
sary to  inspect  each  individual  part  as  it 
comes  off  the  production  line?  What 
would  happen  if  it  were  necessary? 


J.OO 
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specifications 

size 

shape 

positional  relationship 
assembly  and  function 
identical 
interchangeable 
interchangeability 
of  parts 
accurately 
at  random 
variations 
abrasion 
sampling 
defective 

destructive  testing 
nondestructive 
testing 


Designing 
and  Filngineering 
the  Plant 

At  some  time  all  manufacturers  get  new 
or  additional  plant  facilities.  This  can  be 
done  in  three  ways : 

1.  They  can  buy  or  lease  a plant  already 
on  the  present  location  or  on  a new  site 
(location). 

2.  They  can  build  an  addition  to  the  pres- 
ent manufacturing  plant. 

3.  They  can  construct  an  entirely  new 
plant  at  the  present  location  or  at  a new 
site. 

There  are  several  reasons  why  new  facili- 
ties may  be  needed. 

1.  A new  product  or  a new  product  line 
needs  a new  kind  of  space. 

2.  The  lease  on  the  present  plant  ends. 

3.  The  present  structure  is  very  old  or 
condemned  (declared  unsafe). 

4.  The  source  of  raw  materials  or  supplies 
has  changed. 

6.  Customer  location  has  changed. 

6.  Tax  rates  or  labor  conditions  have 
changed. 

Site  Factors  to  Consider 

There  are  two  very  important  things  to 
think  about  in  choosing  a site.  They  are  the 
location  of  the  customers  and  the  source  of 
the  raw  materials.  Usually  it  costs  more  to 
ship  finished  products  than  to  ship  raw  ma- 
terials, so  companies  like  to  be  near  their 
customers.  The  automobile  assembly  plants 
located  across  the  country  are  good  examples 
of  this,  Figs.  28-1  and  28-2.  On  the  other 
hand,  bulky  iron  ore  is  changed  to  steel  near 
the  source  of  coal  and  the  iron  ore.  A survey 
of  companies  that  moved  showed  less  than 
10  percent  moved  closer  to  their  source  of 
raw  material. 


Fig.  28-1.  Automobile  assembly  plants  are  located 
across  the  country  to  be  close  to  their 
customers. 


Fig.  28-2.  Automotive  subassembly  plants  are  located 
In  important  places  in  the  country.  This  is  a 
typical  automotive  wiring  harness  assembly 
line. 
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The  location  and  rates  of  transportation 
systems  (railroads,  trucking  lines,  airlines, 
and  barges)  must  be  studied.  The  transpor- 
tation costs  of  the  company  must  be  as  low 
as  possible.  Perishable  products,  like  food, 
are  special  transportation  problems.  About 
one-half  of  all  companies  that  move  list 
transportation  as  one  of  the  three  most  im- 
portant costs  to  think  about,  Figs.  28-3  and 
28-4. 

Labor  is  another  important  cost  in  locat- 
ing an  industry.  Fig.  28-6.  Much  more  than 
half  of  the  cost  of  most  products  is  made  up 
of  labor  costs.  This  is  true  when  all  hourly 
and  salaried  workers  are  included  in  the  total 
cost  of  labor.  To  run  a plant,  a company 
needs  unskilled,  semiskilled,  skilled,  engi- 
neering, office,  and  supervisory  workers.  A 
“rule  of  thumb”  is  that  a company  should 
hire  less  than  6 percent  of  the  local  popula- 
tion or  less  than  20  percent  of  the  local  work 
force. 

Power  (energy)  is  needed  in  any  industry. 
Present  and  future  needs  must  be  figured. 
Costs  must  be  figured,  based  on  these  needs. 
For  great  amounts  of  expensive  power,  it 
may  be  necessary  to  locate  near  a main 
source  of  power. 


Having  plenty  of  water  is  also  important. 
Water  is  needed  for  personal  use,  washing, 
cooling,  moving  waste,  as  a solvent  (to  dis- 
solve another  substance),  and  for  many 
other  needs.  Some  plants  need  much  more 


Fig.  28-4.  This  modern  plant  has  an  excellent  location. 
It  is  close  to  an  expressway,  a waterway, 
and  an  airfield. 


Fig.  28-3.  Railroads  and  good  expressways  for 

trucks  are  important  for  moving  materials 
and  products.  Here  a number  of  spur 
tracks  lead  to  different  plants. 


Fig.  28-5.  Labor  is  an  important  cost  to  think  about 
when  a site  for  an  industry  is  chosen. 
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1 water  than  others.  For  example,  papermak- 

ing  uses  laige  amounts  of  water  for  process- 
ing. Water  towers  are  put  up  by  many  com- 
1 panies  to  make  sure  there  is  enough  water, 

Fig.  28-6. 

The  climate  is  also  important.  Often  ex- 
tremes in  climate  (very  hot  summers  and 
5 very  cold  winters)  mean  high  labor  costs 
and  low  production  efficiency. 

In  recent  years,  state  and  local  govern- 
ments have  influenced  the  location  of  many 
firms.  Tax  -ates  are  very  important.  Some 
states  have  property  tax  exemptions  (ex- 
cused from  pasrment)  to  attract  new  indus- 
tries. Some  state  and  local  governments  give 
financial  help.  The  company  may  need  to  get 
operating  capital.  For  this,  local  sources  of 
money  (financing)  can  be  very  helpful. 

Many  firms  want  to  locate  near  universi- 
ties, colleges,  business  schools,  and  research 
companies.  This  is  important  to  think  about 
in  choosing  a site. 


Fig.  28-6.  Wafer  towers  ore  constructed  by  many 
companies.  This  rrakes  sure  there  is 
enough  water  for  manufacturing,  fire 
control,  ond  other  emergency  uses. 


Designing  and  Engineering  the  Plant 

Many  other  things  like  cost  of  land,  room 
for  growing  (Fig.  28-7),  zoning  regulations 
(laws  on  where  industries  may  locate),  and 
topography  (land  features)  must  be  thought 
about.  Still  others  include  nearness  to 
schools,  homes,  churches,  and  stores. 


Planning  the  Plant 

The  first  job  in  building  a new  plant  is  to 
choose  the  plant  designers.  The  designing 
may  be  done  by  company  engineers.  It  may 
be  done  by  an  outside  engineering  consulting 
firm  hired  for  that  purpose.  A feasibility 
study  must  be  made.  IMany  of  the  same 
things  you  have  just  read  about  must  be 
studied. 

The  plant  designers  study  the  product. 
Does  the  product  always  change?  Does  the 
company  manufacture  the  same  product 
year  after  year?  Should  the  product  be 
made  in  a single-story  or  multi-story  build- 
ing? Heavy  equipment,  for  instance,  should 


Fig.  28-7.  There  is  enough  space  around  this  plant 
for  adding  more  buildings. 
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not  be  used  above  the  first  floor,  Fig.  28*8. 
Does  the  company  convert  (change)  raw  ma- 
terials? Does  it  buy  parts  {components)  for 
assembly?  Does  it  make  a number  of  different 
products? 

Answers  to  these  questions  will  help  de- 
cide what  kind  of  structure  is  needed.  Sup- 
pose the  designers  have  decided  what  kind 
of  plant  will  house  the  company’s  product 
Then,  a grouping  by  department  is  made. 
Suppose,  however,  that  the  manufacturer 
makes  more  than  one  product.  ’Then,  the  de- 
signers might  place  each  product  in  one  area 
and  call  it  a department.  For  example,  all 
the  machining,  painting,  and  assembling  for 
one  product  would  be  done  in  that  one  de- 
partment 

The  plant’s  product  might  be  better  made 
by  grouping  processes  into  departments. 
’Then  there  could  be  a foundry  department  a 
grinding  department  a drilling  department 
a painting  department  and  an  assembly  de- 
partment Fig.  28-9. 


Preparing  Plant  Layout  Drawings 

Suppose  the  grouping  by  product  or  by 
process  has  been  done.  ’The  designers  now 


Fig.  28-8.  This  16,000,000-pound  forging  press  needs 
a solid  floor  fo  rest  on  and  a high  ceiling 
for  clearance. 


make  preliminary  (beginning)  drawings  of 
the  plant  layout  To  do  this,  they  must  know 
present  and  future  production  volume  (num- 
ber of  products  made) . 'They  must  know  how 
automated  and  specialized  the  operations  will 
be.  Designers  must  also  think  about  the  need 
for  changes  due  to  obsolescence  (out-of-date) 
of  the  product  or  process. 

’The  designers  should  now  be  able  to  figure 
out  how  much  total  floor  space  is  needed  to 
make  the  company’s  product.  They  use  a 
flowchart  to  help  in  figuring  and  arranging 
this  floor  space.  A flowchart  shows  all  the 
processes,  transportation,  inspections,  stor- 
age, and  delays  as  a product  moves  through 
a plant 

'The  designers’  next  step  is  to  make  a floor 
plan.  *They  use  a special  paper  with  guide- 
lines printed  to  scale.  Fig.  ^-10.  The  usual 
scale  is  W'  or  to  the  foot  One  sheet  can 
picture  the  entire  floor  area  of  the  plant  or  of 
only  one  department  Permanent  and  tempo- 
rary walls  are  shown  on  the  drawing.  In  fact 
anything  that  is  located  in  the  plant  will  be 
shown  on  the  plant  layout 

To  develop  the  floor  plan,  designers  and 
engineers  may  use  templates.  A template  is 
a flat  pattern  that  shows  the  outline  of  a 
piece  of  equipment  The  templates  are  made 


Fig.  28-9.  Plants  ore  sometimes  divided  into  process 
areas.  This  department  is  where  wings, 
fuselage,  and  engines  are  put  together. 
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to  the  same  scale  as  the  floor  plan.  They  are 
moved  about  on  the  floor  plan  until  the  best 
layout  is  found.  Aisles,  offices,  workbenches, 
any  every  detail  of  the  plant  are  shown  on 
the  layout. 

A more  expensive  way  to  show  the  layout 
is  to  use  models,  Fig.  28-11.  These  are  small 
three-dimensional  models  of  equipment  and 
tools.  They  are  made  in  scale  form  (Vk"  to 


Fig.  28-10.  This  is  a floor  plon  of  on  iron  foundry 

drown  on  special  poper.  Each  fool  equals 
Vb  ' on  the  plan. 


Fig.  28-11.  Three-dimensionol  models  ore  sometimes 
used  to  help  design  plant  layouts. 


Doiigning  and  Engineering  the  Plant 

the  foot  or  >4"  to  the  foot).  Like  templates, 
they  also  can  be  moved  around  on  the  layout 
plan. 

Advantages  of  Good  Plant  Layout 

If  the  planning  is  done  well,  a good  plant 
layout  can  help  in  several  ways. 

1.  It  can  make  an  economical  use  of  floor 
space. 

2.  It  can  reduce  cost  of  equipment 

3.  It  can  reduce  handling  of  materials  and 
parts. 

4.  It  can  increase  the  use  of  men  and  ma- 
chines. 

5.  It  can  make  sure  of  safe  and  comfort- 
able working  conditions. 

Good  planning  will  reduce  production  costs 
and  increase  profits. 


Summary 

There  are  many  things  to  think  about 
when  an  addition  to  a plant  or  a new  plant  is 
planned.  Location  is  very  important.  Plants 
.should  be  close  to  raw  materials,  to  cus- 
tomers, to  workers,  to  power,  and  to  water. 

In  designing  a new  plant,  the  product  to 
be  made  and  the  processes  to  be  used  are 
carefully  studied.  Drawings  and  plant  lay- 
outs help  designers  and  engineers  develop 
the  plans  for  the  new  plant 


Terms  to  Know 


site 

condemned 

transportation  systems 

labor  costs 

power 

solvent 

climate  extremes 
tax  rates 
exemptions 
financing 

zoning  regulations 
topography 


feasibility  study 

convert 

components 

preliminary 

volume 

obsolescence 

flowchart 

scale 

templates 

models 
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Think  About  It  I 

1.  What  kinds  of  transportation  problems 
must  be  solved  by  automobile  manufac- 
turers? by  manufacturers  of  dairy  prod- 
ucts? How  are  the  problems  and  solu- 
tions different? 

2.  WTiy  is  the  availability  of  schools,  homes, 
churches,  and  recreation  areas  important 
for  a company  to  think  about  in  choosing 
a good  location? 


Designing  and  Engineering 
the  Plant 


“Recognize  need 
-Gather  data 
- Evaluate  data 


V 


“Develop  ideas 
- Make  sketches 
-Write  Ideas 
-Record  thoughts 


Select  better  prelim,  ideas 
Make  scale  dravdngs 
Determine  lengths,  sizes,  & shapes 


-Site  analysis 
“Functional  analysis 
“Structural  analysis 
“Cost  analysis 


“Prepare  graphs,  charts, 
diagrams,  schematics 

-Present  to  the  group 
-Decide  — acceptance  or  rejection 


-Prepare  working  drawings 
& specifications 

-Construct  the  manufacturing  plant 


Establishing 
Accident  Prevention 

Programs 


The  problem  of  industrial  health  and 
safety  is  a complex  one.  It  ranges  from  mi- 
nor accidents  and  fatal  injuries  to  occupa- 
tional diseases. 

In  this  reading  it  can  only  be  described 
in  general  terms,  with  emphasis  on  preven- 
tion programs. 

Progress  in  Safety  Activities 

In  fue  past  fifty  years,  manufacturers 
have  made  some  progress  in  safety.  Fig. 
29-1.  There  was  almost  a complete  lack  of 
safety  efforts  50  years  ago.  Since  1930  the 
rate  of  serious  accidents  in  industry  has 
gone  down  nearly  50  percent 

But  people  are  still  being  killed  in  work 
accidents  that  could  have  been  prevented. 
Work  accidents  that  cause  loss  of  eyes, 


hands,  and  other  parts  of  the  body  also  oc- 
cur far  more  often  than  they  should.  Many 
workers  suffer  from  diseases  contracted 
while  working  in  an  unfit  environment  or 
around  dangerous  chemicals. 

Many  large  employers  (1,000  or  more 
workers)  have  accident  prevention  pro- 
grams. But  many  smaller  employers  have 
no  programs.  See  Fig.  29-2.  A common 
phrase  or  slogan  that  grew  out  of  work 
places  where  all  are  concerned  with  human 
life  is  that  "safety  is  everyone’s  business.” 
'This  means  that  everyone  (managers,  fore- 
men, union  representatives,  workers,  and 
government)  must  be  concerned  with  safety 
in  order  to  save  human  lives  and  prevent 
suffering.  Only  then  will  real  progress  be 
made  toward  making  the  work  place  a safe 
place. 


Fig.  29-1.  Sheet  metal  is  cut  to  size  on  this  300-ton 
press  which  has  special  safety  controls. 
Each  operator  must  press  two  individual 
buttons  at  the  same  time  before  the  press 
will  operate. 


Fig.  29-2  The  worker  in  this  picture  is  joining  two 
metals  together  by  the  use  of  heat  and 
pressure  at  controlled  times  in  a controlled 
atmosphere.  He  is  wearing  a fireproof 
pressurized  suit  for  safety. 


T GO*  • 
-lv7U  - ' 


175 


176  The  World  of  Manufacluring 
History  of  Accident  Prevention 

Industrial  safety  efforts  grew  slowly.  As 
early  as  1906,  big  steel  firms  began  to  study 
work  hasarde  (dangers).  There  were  very 
few  studies  of  this  kind  at  that  time. 

In  addition  to  the  pain  and  agony  of  in- 
dustrial accidents  or  disease,  there  is  a loss 
of  work  and  hence  a loss  of  income  that  the 
injured  worker  experiences.  Before  work- 
men's  compensation  laws  were  passed  by 
states  (around  1911),  the  injured  worker 
was  at  the  mercy  of  the  employer  or  de- 
pendent upon  charity.  He  was  not  able  to 
go  into  court  and  sue  because  the  law  said 
that  the  employee  in  agreeing  to  work 
had  assumed  the  risk  of  whatever  might 
happen  to  him.  Basically,  workmen’s  com- 
pensation laws,  even  though  they  differ  from 
state  to  state,  eliminate  any  idea  of  fault. 
It  does  not  matter  who  is  to  blame  if  the 
employee  is  injured  in  the  course  of  his  em- 
ployment He  is  compensated  (paid)  for  a 
portion  of  his  lost  time  (wages)  and  medi- 
cal costs. 

Progress  in  industrial  safety  began  to 
spread  because  workmen’s  compensation 
laws  said  the  employer  must  pay  insurance 
premiums  (costs)  to  the  state  or  insurance 
companies.  Some  laws  also  say  that  with 
permission  a company  can  be  a self-insurer. 
This  means  the  company  is  able  to  pay  di- 
rectly to  the  injured  worker  without  paying 
premiums. 

The  larger  the  accident  costs  are,  the 
higher  the  premium  that  the  employer  pays. 
The  possibility  of  reducing  their  insurance 
premiums  gave  employers  the  first  major 
reason  for  increased  safety  efforts.  The 
workmen’s  compensation  laws  helped  to  start 
the  first  serious  efforts  of  employers  to  re- 
duce accident  hazards.  See  Figs.  29-3  and 
29-4. 

Since  1912,  other  groups  have  also  helped 
to  speed  up  safety  efforts.  The  federal  gov- 
ernment, state  governments,  insurance 
companies,  the  National  Safety  Council,  la- 
bor unions,  and  other  agencies  all  join  in 
promoting  safety. 


'The  most  recent  law  concerning  industrial 
safety  is  the  National  Occupational  Health 
and  Safety  Act,  signed  into  law  by  the 
President  in  December  of  1970.  Because  of 


Fig.  29-3.  Mollen  steel  is  being  poured  into  ingot 

molds.  Note  the  fireproof  cools  ond  safety 
glasses  the  employees  ore  using. 


Fig.  29-4.  An  efficient  system  of  dust  collection  mokes 
it  possible  for  these  employees  to  machine 
mefol  in  o dust-free  oreo. 


Establishing  Accident  Prevention  Programs 


the  laxity  on  the  part  of  state  laws,  the  fed- 
eral government  enacted  this  law  to  set  na- 
tional health  and  safety  standards  that  will 
be  administered  by  the  U.  S.  Department  of 
Labor.  One  example  of  a safety  standard  is 
a regulation  that  highly  inflammable  liquids 
be  stored  in  bright  red  containers  and 
clearly  labeled  with  the  name  of  their  con- 
tents. Another  is  that  protective  devices 
should  be  used  whenever  the  air  is  too  dirty 
for  the  worker  to  breathe. 


Accident  Problem-Solving 

Today's  accident  problems  happen  in  all 
manufacturing  plants.  They  happen  regard- 
less of  the  size  of  the  plants  or  the  kind  of 
product  made  or  manufacturing  processes 
used. 

Accident  problem-solving  begins  when 
there  is  a difference  between  what  should  be 
(a  planned  course  of  action)  and  what  is 
actually  happening  (unsafe  conditions  or 
unsafe  acts).  The  next  step  is  to  find  out 
what  is  causing  this  problem. 


Fig.  29*5.  These  employees  are  handling  a large 

engine  with  an  electric  hoist.  Would  it  be 
safe  to  try  to  lift  the  engine  without  the 
hoist? 
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Safety  is  not  a separate  element  of  a job. 
Jobs  are  made  up  of  men,  machines,  meth- 
ods, materials,  and  minutes.  To  prevent 
accidents  all  parts  of  b job  must  be  done 
well.  This  means  working  efficiently  and 
safely.  Fig.  29-6.  Failure  to  have  a planned 
course  of  safe  action  in  every  part  of  a job 
can  lead  to  a worker  being  injured. 

Accident  controls  in  the  mechanics  of  the 
job  (machines  used)  have  received  some 
attention.  But  there  has  not  been  enough 
stress  on  the  humanics  of  the  job  (people 
working)  or  the  use  of  various  chemicals 
and  other  substances  in  industrial  processes. 
Failure  to  plan  safety  into  all  parts  of  a job 
is  a large  part  of  today’s  problem.  See 
Fig.  29-6. 


Basic  Principles  of  Accident 
Problem-Giving 

The  job  of  preventing  accidents  especially 
needs  the  cooperation  of  plant  foremen,  men 
who  are  in  charge  of  the  work  place.  The 
foreman  needs  the  cooperation  of  all  who 


Fig.  29-6.  An  ingot  of  steel  Is  being  squeezed 

between  dies  to  form  a giant  shaft.  The 
worker  is  safely  protected  from  heod  to 
foot  in  fireproof  clothing  while  he  is 
removing  scale  formations  from  the  steel. 
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are  working  in  the  area  and  of  those  who 
plan  the  processes  for  the  area. 

Foremen  must  see  to  it  that  there  are 
safeguards  (protections)  for  jobs.  They 
must  try  to  develop  safe  attitudes  in  their 
workers.  A necessary  first  step  in  starting 
an  accident  prevention  program  is  setting 
up  an  accident  prevention  organization. 
Tliese  organized  e^orts  must  get  and  keep 
the  cooperation  of  all  supervisory  employees 
(persons  in  charge). 

Safety  programs  should  be  under  the  di- 
rection of  someone  who  can  coordinate  them. 
He  must  make  sure  that  everyone’s  safety 
efforts  work  together.  'The  number  of  peo- 
ple who  coordinate  safety  programs  is  in- 
creasing. 

In  many  plants  where  labor  unions  exist, 
there  are  tabor-management  safety  commit- 
tees. These  committees,  made  up  of  super- 
visors, union  representatives,  and  workers, 
join  together  to  insure  that  safety  standards 
are  met 

How  well  a plant’s  safety  program  Nvill  re- 
duce accidents  depends  on  how  much  inter- 
est in  the  program  the  safety  committee 
takes.  See  Fig.  29-7. 


Fig.  29-7.  Remofe  control  hands  behind  this  protective 
enclosure  are  used  by  the  technician  to 
handle  dangerous  Cobalt  60. 


Procedures  for  Carrying:  Out 
Accident  Prevention  Programs 

To  make  safety  a habit  a planned  course 
of  safe  action  must  be  part  of  every  job. 
Regular  safety  inspections  need  to  be  made 
to  see  if  safety  standards  are  being  prac- 
ticed, Fig.  29-8.  Inspectors  should  also  in- 
vestigate (study  carefully)  the  causes  of  all 
accidents.  Changes  are  then  made  so  that 
accidents  can  be  prevented  in  the  future. 

The  foreman  and  safety  committee  mem- 
bers should  teach  the  workers  about  safe 
methods.  They  should  stop  any  unsafe  acts. 
They  should  also  study  new  and  changed 
jobs  for  dangerous  working  conditions. 

To  protect  the  employee  there  are  many 
kinds  of  safety  equipment  Some  examples 
are  fire  extinguishers,  safety  glasses,  gog- 
gles, face  shields,  safety  shoes,  boots,  gloves, 
hard  hats,  respirators  (to  prevent  breath- 
ing-in harmful  substances),  masks,  and 
aprons.  See  Figs.  29-9  and  29*10.  But  it 
should  be  remembered  that  these  devices 
do  not  remove  the  hazards.  ’They  merely 
protect  the  workers  from  them. 


Rg.  29-8.  A safety  inspector  supervises  the  correct 
operation  of  a machine. 
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Careers  in  Safety 

More  and  more  plant  managers  are  learn- 
ing that  a good  safety  program  is  worth 
having.  It  reduces  costs,  raises  profits,  in- 
creases production,  increases  employee  mo- 
rale (good  w’ork  attitudes),  and  brings  job 
security  to  everyone,  Fig.  29-11.  Thus  there 
are  many  jobs  today  in  industrial  safety.  All 
big  companies  now  have  safety  directors 
who  supervise  safety  personnel  at  each 
plant  Safety  inspectors  are  employed  by  all 


Fig.  29*9.  Here  o worker  is  odding  chemicals  fo  o 
mixing  vaf.  He  is  wearing  a respirator, 
sofety  glosses,  ond  o hard  hat  fo  protect 
himself. 


Fig.  29-10.  A worker  is  sandblasting  a metal  casting. 

He  is  protected  from  the  flying  sand  by 
special  clothing. 


large  companies,  Fig.  29-8.  Labor  unions  co- 
operate with  companies  to  improve  safety. 
Many  union  representatives  on  the  job  are 
trained  in  safety  programs. 

The  state  and  federal  governments,  be- 
cause of  laws  such  as  the  one  stated  earlier, 
are  hiring  more  safety  inspectors  to  insure 
that  uniform  standards  of  safety  are  being 
maintained. 

Universities  are  adding  safety  engineer- 
ing courses  to  their  study  programs.  Fig. 
29-12.  Jobs  in  industrial  safety  are  increas- 
ing. 


Fig.  29-11.  A good  worker  alwoys  performs  his  job 
safely,  as  this  worker  is  doing. 


Fig.  29*12  Dummies  ore  used  to  imitate  dangerous 
situations  in  safety  engineering  courses  of 
colleges  and  universities. 
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Problems  of  industrial  health,  like  air  and 
water  pollution,  are  of  ^eat  concern  to  many 
people.  Ecology  (study  of  living  things  in 
relk.’  }n  to  their  environment)  will  no  doubt 
have  more  effect  on  industrial  processes  in 
the  future. 


foremen  are  in  charge  of  safety  programs. 
But  safety  is  everyone’s  business;  anyone 
can  have  an  accident  on  the  job.  The  Am* 
manics  of  safety  needs  more  research.  More 
study  is  also  needed  as  to  the  causes  of 
industrial  diseases. 


Summary 


Terms  to  Know 


Fifty  years  ago  there  was  almost  no 
planned,  organized  effort  to  make  workers 
safe  on  their  jobs.  In  1912,  workmen’s  com* 
pensation  laws  were  passed.  These  laws 
made  employers  pay  for  medical  care  and 
other  aid  for  workers  injured  on  the  job. 
When  the  cost  of  accidents  in  a plant  is 
high,  the  employer  pays  high  insurance  pre* 
miums.  Workmen’s  compensation  laws  made 
employers  aware  of  the  high  cost  of  acci* 
dents.  They  began  to  plan  and  organize 
safety  programs.  The  federal  government 
has  taken  steps  to  insure  safety  standards 
in  all  industries. 

A program  to  prevent  accidents  must  in* 
volve  the  physical  plant,  materials,  ma* 
chines,  methods,  and  all  employees,  Fig. 
29*13.  Management  personnel  and  plant 


Rg.  29-13.  Note  the  clean,  well  lighted,  safe  working 
conditions  of  this  electronics  ossembly 
plant. 


accident  prevention 
programs 
hazards 
workmen’s 
compensation 
compensated 
lost  time 
medical  costs 
insurance  premiums 
self*insurer 

National  Safety  (Council 
National  Occupational 
Health  and 
Safety  Act 
mechanics 


humanics 

safeguards 

supervisory  employees 
coordinate 
labor*management 
safety  committees 
inspectors 
investigate 
respirators 
morale 

uniform  standards 
of  safety 

industrial  diseases 
industrial  health 
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Think  About  It! 

1.  Why  do  you  think  that  it  is  true  that  the 
larger  the  company,  the  more  likely  it  is 
that  the  company  will  be  interested  in 


promoting  occupational  health  and  safety 
programs  for  its  workers? 

2.  Why  is  it  easier  to  plan  accident  controls 
for  machines  than  it  is  for  people? 


O 

ERIC 
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In  this  reading  you  will  learn  about  get- 
ting equipment  and  materials  for  a produc- 
tion system.  You  will  learn  why  equipment 
and  materials  are  needed,  what  equipment 
and  materials  are  purchased  (bought),  why 
and  how  they  are  bought,  and  who  does  the 
buying. 


Equipment 

Production  is  a conversion  (changing) 
process.  Inputs  of  materials  are  converted 
(changed)  into  useful  products.  Equipment 
is  usually  needed  to  help  men  produce  these 
products,  Fig.  30-1.  This  equipment  consists 
of  machines,  additional  tooling  and  equip- 
ment, and  other  items.  All  of  these  are  used 
directly  in  working,  treating,  inspecting,  or 


Supplying 
Equipment 
and  Materials 

packaging  the  product.  Ovens,  molding  ma- 
chines, lathes,  drill  presses,  punch  presses, 
milling  machines,  pressure  cookers,  convey- 
ors, fork-lift  tractors,  gages,  hand  tools,  and 
workbenches  are  pieces  of  equipment  needed 
for  some  kinds  of  production. 


Equipment  Selection 

Choosing  the  right  equipment  is  important. 
Industrial  competition  has  made  the  unit 
manufacturing  cost  an  important  measure  of 
operating  success,  Fig.  30-2.  Operating  suc- 
cess is  the  making  of  a product  at  a cost  that 
will  bring  a profit  when  the  product  is  sold. 
Equipment  is  chosen  by  studying  technical 
requirements  (needs)  and  economic  (cost) 
factors,  Fig.  30-3. 


Fig.  30-1.  Equipment  can  cost  many  thousands  of 
dollors  for  each  employee. 


Fig.  30-2.  This  machine  has  an  equipment  cost  of 
$6,000  and  a production  rate  of  only  a 
very  few  parts  an  hour. 
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Technical  Requirements 

An  important  question  to  ask  about  equip- 
ment is:  Can  this  equipment  do  the  job? 
Many  different  kinds  of  equipment  might  be 
used  to  make  the  product.  Other  technical 
factors  must  be  thought  of.  The  rate  of  pro- 
duction (how  many  parts  must  be  made  in  an 
hour)  is  compared  with  the  cycle  tim.e  (how 
many  parts  can  be  made  in  a hour)  of  the 
machine.  Suppose  that  management  knows 
the  total  number  of  pieces  the  equipment 
will  have  to  make.  They  can  then  figure  out 
how  long  the  equipment  will  last.  The  better 
the  product  to  be  sold,  the  more  accurate  the 
equipment  must  be. 

There  are  other  technical  factors  to  be 
thought  of.  How  skilled  must  the  operator  be, 
Fig.  30-4?  How  safe  is  the  equipment?  What 
is  the  scrap  rate  of  the  equipment?  What 
will  the  setup  time  for  the  process  be?  What 
maintenance  will  be  needed?  How  depend- 
able is  the  equipment  ? 

Equipment  that  needs  highly  skilled  opera- 
tors will  have  high  labor  costs.  Also,  there 
are  often  fewer  skilled  workers  than  are 
needed.  Safety  is  important  today.  Most 
states  have  strict  laws  about  the  safe  use  of 
industrial  equipment.  Industrial  accidents 
cause  the  company  to  lose  money  because  of 
lost  production  and  worker  compensation 
(pay)  for  injuries. 


Fig.  30-3.  This  batiery  of  eight  spindle  lathes  has  an 
equipment  cost  of  $90,000  and  a produc- 
tion rate  of  80  parts  per  hour. 

' t-v  •-> 
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As  material  costs  increase,  loss  due  to 
scrap  becomes  more  important.  A lot  of  down 
time  (time  when  machines  are  shut  down) 
for  setup  or  breakdowns  cuts  down  produc- 
tion and  increases  costs.  Fig.  30-5. 


Fig.  30-4.  The  skill  the  operator  needs  may  help 
decide  the  choice  of  equipment. 


Fig.  30-5.  A breakdown  of  this  glassmaking  machine 
may  shut  down  the  entire  plant. 
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Improvements  in  industrial  technology- 
have  brought  about  many  new  cost-saving 
machines.  Some  machines  transfer  (pass) 
material  from  one  processing  machine  to 
another  without  human  help.  Some  machines 
are  programmed  to  run  through  complex 
(complicated)  machining  cycles.  Other  ma- 
chines inspect  their  o-wn  output  and  correct 
their  own  setting  when  necessary.  All  of 
these  factors  must  be  thought  of  when  choos- 
ing the  right  equipment  to  use. 


Economic  Factors 

Important  economic  (cost)  factors  must 
be  thought  of  in  choosing  the  right  equip- 
ment. These  are  the  cost  of  using  the  equip- 
ment, the  cost  of  buying  it,  and  its  total  cost 
to  the  company.  High  speed,  special  purpose 
equipment  usually  costs  less  to  run  than 
general  purpose  equipment.  But  special  pur- 
pose equipment  costs  more  to  buy  than  gen- 
eral purpose  equipment.  The  cost  of  buying 
and  using  the  equipment  is  added  to  the  total 
costs  of  the  plant.  So,  management  must 
think  about  total  costs  in  choosing  the  right 
equipment. 


Management  Decisions 

Management  has  complete  knowledge  of 
the  company  and  its  needs.  Management 
must  also  make  sure  the  company  makes  a 
profit.  To  this  end,  it  must  make  many  deci- 
sions. Some  decisions  concern  the  use  of  the 
best  technical  equipment  which  often  is  very 
expensive. 

Management  must  decide  whether  to  make, 
buy,  or  lease  (rent)  the  equipment.  Fig.  30- 
6.  This  decision  is  based  on  costs  and  the 
technical  abilities  of  the  company  and  its 
vendors  (sellers  of  the  product).  Also,  se- 
curity may  be  important.  Suppose  manage- 
ment does  not  want  other  companies  to  learn 
what  processes  will  be  used.  Then  the  com- 
pany may  have  to  make  its  own  equipment. 


Materials 

Production  is  a conversion  (changing) 
process.  It  changes  inputs  of  materials  into 
useful  products.  The  materials  may  be  raw 
materials,  industrial  materials,  or  compo- 
nent parts.  Iron  ore,  bauxite,  sugar  beets  and 
wheat  are  examples  of  raw  materials.  Steel, 
aluminum,  refined  sugar,  and  fiour  are  ex- 
amples of  industrial  materials.  Nuts,  bolts, 
switches,  transistors,  and  special  manufac- 
tured parts  are  examples  of  component  parts. 

Management  must  decide  which  form  of 
materials  to  buy.  Fig.  30-7.  Some  manufac- 
turers produce  industrial  materials  from  raw 
materials.  Other  manufacturers  process  in- 
dustrial materials  into  component  parts  to 
be  used  by  still  other  manufacturers.  Some 
companies  produce  end  (finished)  products 
from  industrial  materials  and  component 
parts. 


Fig.  30-6.  Decisions  about  equipment  purchases  must 
be  made  by  management. 
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Fig.  30-7,  Decisions  must  be  made  as  to  which  parts 
a company  will  mafce  and  which  parts  it 
will  buy. 


Procurement 

Procurement  (obtaining)  is  getting  ma- 
terials and  parts  needed  by  the  production 
group.  The  right  material  of  the  right  qual- 
ity must  be  bought  from  the  most  economical 
(cheapest)  source.  This  material  must  be 
supplied,  delivered,  or  received  in  the  right 
quantities  to  the  right  place  at  the  right 
time. 

Usually,  the  purchasing  department 
chooses  sources  of  supply,  negotiates  (makes 
arrangements)  with  suppliers,  orders  ma- 
terials, and  follows  up  delivery  promises, 
Fig.  30-8.  In  small  firms,  the  purchasing 
department  may  be  one  man,  the  purchasing 
agent.  In  larger  firms,  the  purchasing  de- 
partment may  be  headed  by  a vice-president 
of  procurement.  Working  for  him  may  be 
several  purchasing  agents,  senior  commod- 
ity buyers  (material  or  product  buyers), 
junior  buyers,  expediters  (persons  who  as- 
sist in  obtaining  materials  or  products  on 
schedule),  and  a large  office  staff. 


Responsibilities  of  a Typical  Purchasing  Department 


Primary  Duties 

Secondary  Duties 

Optional  Duties* 

a.  Develop  list  of  potential 

a.  Decide  whether  to  make  or 

a.  Traffic 

vendors  or  suppliers 
b.  Interview  suppliers’  salesmen 

buy  certain  items 
b.  Purchase  capital  equipment 

b.  Salvage 

c.  Investigate  suppliers'  plants, 
capabilities,  and  reputation 

and  construction  items 
c.  Maintain  inventory  control 

c.  Inspection 

d.  Secure  quotations  (bids)  and 
negotiate  terms 

e.  Select  the  supplier  and  award 
the  contract 

f.  Handle  adjustments  and 
rejections 

g.  Schedule  purchases  and 
deliveries 

h.  Sell  scrap,  surplus,  obsolete 
items 

i.  Check  legal  aspects  of  contracts 

d.  Purchase  outside  research 
services 

e.  Prepare  reports  to 
management 

d.  Stores 

*These  may  or  may  not  be  purchasing  department  duties. 


Fig.  30-8,  The  usual  jobs  of  a purchasing  department  are  listed  in  this  chart. 


REQUEST  FOR  MATERIAL 

ORDER  FROMi  Suggested  Vendors: 
X Machinery  Co. 


April  I,  1971 


N£_ 


9711-171 


Y Machinery  Co. 


Z Machlnrry  Co. 


Moisftol  Noodadi  Q]  (KMEOtATCVY.  rMONi  oioa 

□ NOKMAl  DELIVERY 


□ BY.  Sept.  I.  1971 

(OoN) 


QUANTITY 

/ ITEM 

rOR.  Ub  OwcrtpIlM  or  DoporlinoN 

!$T.  COST 

1 

/ 

1)1 1 act  orlntlnR  oreas 

printing  plant 

$49,000.00 

i 

I 2-color.  19"  X 25'*  sheet:  size. 

/ Sheetfed,  automatic  side  for  srlpoer 

/ operation.  GRAPHIC  No.  125  or 

/ 

equivalent. 

Price  to  Include  Installation 

x«iv:«i»onw^  Ry B.  J.  Klng_ 


Fig.  30-9.  The  purchasing  procedure  starts  with  a requisition. 


To:  X .Machinery  Company  Quote  on  this  sheet  your 

Zebra  Street  net  price  F.O.B.  HcKnlght 

Cincinnati,  Ohio  Publishing  Company,  Bl.iom- 

Ington,  Illinois,  for  the 
Items  specified  below.  Wo 
reserve  the  right  to  accept 
or  reject  all  or  part  of 
k:hla  proposal. 


Q.iotatlons  received  until 
4:00  p.m.  5*15-71 


QUANTITY 

REQUEST  FOR  QUOTATION— This  Is  HOT  an  order 

Unit  Price 

Total 

1 

Offset  printing  press  — 

2*color,  19”  X 25”  sheet  size. 
Sheet  fed,  automatic  side  guide 
for  gripper  operation. 

GRAPHIC  No.  125  or  equivalent 

Installation  Included* 

The  model,  or  catalog  numbers  used  on  the 
above  Inquiry  arc  lor  your  Identification 
of  the  Item.  Acceptable  alternates  will 
be  considered  on  all  Items*  but  If  your 
offer  differs  from  the  material  requested, 
complete  description  nniat  be  submitted* 

Please  sign  and  return  original  and  oie  copy. 

TO  MANAGER  OP  PURCHASES,  HcKNlCHT  & McKNlGHT  PUBLISHIHC  COMPANY 


UE  QUOTE  YOU  F.O.B.  HcKNIClfT  PUBLISHING  COMPANY 


X 


(Loirinumij 

(Sign  Fln^Name  Hefe)  j 


I.  1971 

(Date) 


DELIVERY  CAN  BE  MADE  i i3  7i 
CASH  DISCOUNT  TERMS 


Fig.  30-10.  Potential  vendors  submit  bids  offering  to 
supply  the  equipment  at  a fixed  price. 


Purchasing  Procedure 

Procurement  starts  with  a purchase  requi- 
sition, Fig.  30-9.  This  is  an  order  from 
management  to  buy  the  items  listed.  The 
requisition  states  the  exact  specifications  for 
each  item,  the  quantities  needed,  and  the  date 
needed.  Purchasing  personnel  study  the 
requisition.  They  may  suggest  different  ma- 
terials, different  quantities,  or  another  de- 
livery date.  They  must  use  the  money  for  the 
purchase  to  the  best  advantage.  Manage- 
ment must  decide  whether  or  not  to  accept 
the  suggestions  of  the  purchasing  depart- 
ment. 

Purchasing  agents  may  choose  potential 
(possible)  suppliers  from  the  vendors  who 
already  sell  to  the  firm.  They  may  use  a 
register  (book)  which  lists  manufacturers 
by  product.  The  vendors  are  screened.  Sev- 
eral acceptable  vendors  are  picked  because 
of  their  ability  to  produce;  their  reputation 
for  quality,  service,  and  delivery;  and  their 
reputation  for  honesty  and  dependability. 

The  purchasing  department  then  issues  a 
request  for  a bid  {quotation)  to  each  of  the 
acceptable  suppliers.  The  request  for  quota- 
tion asks  the  supplier  to  quote  a price  (give 
a fixed  price)  for  the  items  listed.  Specifica- 
tions of  the  quantity  and  quality  needed,  and 
delivery  dates  are  included  in  the  request  for 
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PURCHASE  ORDER 

(V»M  UmUii  Slfn»d  iMtf  NyMb*r»d) 


McKNIGHT  & McKNIGHT  PUBLISHING  COMPANY 
TOWANOA  AVENUE  & ROUTE  66 
BLOOMINGTON,  ILLINOIS 


X Machinery  Company 
Zebra  Street 
Cincinnati,  Ohio 


L 


' SHIP  VlAi 

|~]  PAHai  POST 


No  9711-171 

Afl  patiJng  lob«k  ^ 
wtoH  MiNt  carry  ebvvy  NotW 
for  kd*rttfloarie«v 


INVOICE  IN  DUPLICATE.  PLEASE 

Ad4n4»  In^wlftM 

Fw  TWi  Or4«r  T» » Purchnalny  Dept. 

n TiucK  m 


Offset  printing  press 

2-color,  19"  X 25"  sheet  sire. 

Sheet  fed,  automatic  side  guide 

for  gripper  operation.  GRAPHIC  To.  125 
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ORIGINAL  TO  VENDOR 


Fig.  30-11.  The  purchasing  department  orders  from  the  best  bidder. 


item  quotation.  When  the  bids  (quotations) 
are  returned,  the  purchasing  department 
studies  them  for  prices,  terms,  and  delivery 
promises.  Fig.  30-10. 

Sometimes,  purchasing  personnel  question 
the  prices  quoted,  the  terms,  or  the  delivery 
promises.  They  use  their  knowledge  of  the 
market  and  the  cost  estimates  to  negotiate 
(arrange  or  bargain)  for  a better  contract. 
As  soon  as  price,  delivery,  and  terms  are 
settled,  the  purchasing  department  makes 
out  a purchase  order.  The  purchase  order 
authorizes  (gives  permission)  to  the  sup- 
plier to  produce  and  ship  the  materials 
ordered,  Fig.  30-11. 

The  purchasing  job  is  not  finished.  The 
purchase  order  is  followed  up  to  make  sure 
that  delivery  will  meet  schedule.  Purchas- 
ing personnel  expedite  (speed  up)  delivery 
when  necessary.  After  the  order  is  delivered, 
they  check  the  receiving  reports  (records  of 
materials  actually  received)  to  be  sure  that 
the  vendor  shipped  the  right  material  in  the 
right  quantities.  The  purchasing  department 
also  checks  the  accuracy  of  the  vendor’s  in- 
voices (list  of  materials,  prices,  shipping 
charges,  etc.)  and  approves  them  for  pay- 
ment. 


Methods  of  Purchasing 

Over  a period  of  months,  the  price  of  a 
material  may  fluctuate  (rise  and  fall)  sev- 
eral times.  In  a market  with  fluctuating 
prices,  the  company  may  save  money  by  a 


Fig.  30-12.  Quite  often  materials  are  purchased  in 
large  quantities  and  placed  in  inventory 
for  later  use.  These  wood  chips  are 
stored  outdoors. 
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hedging  method  of  purchases.  For  example, 
in  a market  with  falling  prices,  materials 
may  be  purchased  “hand-to-mouth.”  The 
quantity  bought  may  be  just  enough  to  last  a 
few  weeks.  In  a market  with  rising  prices, 
purchasing  agents  may  buy  more  than 
enough  materials  to  meet  current  needs. 
Then,  the  company  has  a supply  of  low- 
cost  materials  for  some  time  after  the  market 
price  rises.  Sometimes  the  purchasing  de- 
partment budgets  the  material  purchases. 
This  means  that  the  company  spends  the 
same  dollar  amount  for  material  every 
month.  When  prices  are  high,  the  company 
buys  a smaller  amount  of  material.  When 
prices  are  low,  it  buys  a larger  amount.  Fig. 
30-12. 


Authority 

Two  kinds  of  authority  (approval)  are 
needed  for  procurement,  One  is  manage- 
ment authority.  Management  authorizes  (ap- 
proves) the  purchase  of  materials  so  that 
production  can  start  or  continue.  The  other 
authority  is  the  purchasing  agent.  He  has  the 
authority  to  promise  vendors  that  the  com- 
pany will  pay  for  materials  ordered.  This 
allows  the  vendor  to  accept  orders  from  the 
company  because  he  knows  that  the  delivered 
materials  will  be  paid  for.  The  vendor  also 
knows  that  any  shipping  costs  agreed  upon 
in  the  contract  will  be  paid  for. 

Summary 

Management  must  decide  what  equipment 
and  materials  will  be  used  in  production. 
Both  technical  and  economic  (cost)  factors 
must  be  thought  of.  Much  of  the  equipment 
and  all  of  the  materials  may  be  supplied  by 
outside  vendors.  Purchasing  makes  sure  that 
the  manufacturer  gets  what  he  needs  from 
his  suppliers.  A company  must  purchase  the 
six  “rights” : the  right  material,  of  the  right 
quality,  of  the  right  quantity,  at  the  right 
yrice,  to  arrive  at  the  right  place,  at  the 
right  time. 


Terms  to  Know 


purchased 
conversion 
converted 
operating  success 
technical  requirements 
economic  factors 
rate  of  production 
cycle  time 
compensation 
down  time 
transfer 
complex 
special  purpose 
equipment 
general  purpose 
equipment 
lease 
vendors 
security 
raw  materials 
industrial  materials 
component  parts 
end  products 
procurement 
economical 
source 


negotiates 
purchasing  agent 
commodity  buyers 
expediters 
purchasing 
department 
purchasing 
procedure 
purchase 
requisition 
potential 
register 
screened 
request  for  a bid 
(quotation) 
quote  a price 
purchase  order 
authorizes 
expedite 

receiving  reports 

invoices 

fluctuate 

hedging 

budgets 

dollar  amount 

authority 
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Think  About  It! 

1.  Special  purpose  equipment  costs  more  to 
buy  than  to  operate.  General  purpose 
equipment  usually  costs  more  to  operate 


than  to  buy.  How  can  management  decide 
which  kind  of  equipment  to  buy? 

2.  What  could  happen  if  a purchasing  de- 
partment did  not  screen  its  vendors'? 
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Processing  Data 
or  Information 


Any  collection  of  words  or  figures  that 
have  meaning  may  be  called  data  or  infor- 
mation. Data  processing  is  anything  that  is 
done  to  or  with  data.  In  manufacturing, 
there  is  a great  need  for  data  processing. 
Manufacturers  must  keep  track  of  raw  and 
finished  materials,  time  worked  by  each  per- 
son, costs  of  materials,  labor,  and  many 
other  things.  All  these  data  (information 
about  goods,  materials,  time,  costs,  etc.) 
need  processing  (keeping  track  of,  totaling, 
calculating,  etc.).  Years  ago  this  used  to  be 
done  by  hand  with  a pencil  and  paper.  As 
manufacturing  grew,  it  became  impossible 
to  keep  up  manually  (by  hand)  with  the 
processing  of  data.  Today  data  processing 
usually  means  the  processing  of  data  by 
machines. 


Unit  Record 

The  growth  of  today’s  data  processing 
ideas  and  equipment  has  come  out  of  the 
work  done  by  Dr.  Hermann  Hollerith  of  the 
U.  S.  Census  Bureau.  Dr.  Hollerith  was  in 
charge  of  counting  and  grouping  all  the  peo- 
ple in  the  United  States.  Using  this  infor- 
mation, he  wrote  reports  showing  the  ways 
that  the  country  was  growing.  By  1887,  he 
saw  that  it  would  be  impossible  to  complete 
the  work  of  the  Census  Bureau  by  hand  in 
the  legal  time  allowed.  Dr.  Hollerith  saw 
that  his  job  was  counting  all  the  people  in 
our  country  in  different  ways.  First,  his  de- 
partment would  count  all  the  people,  then 
only  the  men,  then  only  the  women,  and  so 
on.  Each  time  a count  was  made,  the  orig- 
inal report  for  each  person  would  be  used. 
Each  time,  the  information  about  each  per- 
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son  was  counted  by  hand.  Dr.  Hollerith  saw 
that  if  data  could  be  counted  by  machines 
and  sorted  into  different  groups,  counts 
could  be  easily  made.  This  led  to  his  inven- 
tion of  the  punched  card. 

The  first  punched  card  was  a piece  of 
cardboard  into  which  holes  were  punched. 
If  the  top  row  were  punched  in  the  extreme 
left  of  the  card,  this  might  mean  a man.  If 
the  second  row  were  punched,  this  might 
mean  a woman.  In  the  same  way,  other  data 
could  be  punched  on  the  cards.  For  the  1890 
Census,  cards  were  punched  for  every  per- 
son in  the  country.  By  using  machines  to 
sort  and  count  people  into  groups.  Dr. 
Hollerith  completed  the  1890  Census  in  three 
years.  Manually  it  would  have  taken  almost 
ten  years.  Each  card  contained  all  the  data 
belonging  to  one  person.  This  card  became 
known  as  a unit  record. 

The  original  cardboard  card  has  changed 
a little.  Rectangular  holes  are  punched  now 
instead  of  round  holes.  The  card  size  has 
been  standardized  (made  the  same  size).  It 
is  now  used  to  help  in  the  planning,  organ- 
izing, and  controlling  of  manufacturing  com- 
panies. Let  us  look  at  the  coding  (what  the 
punched  holes  stand  for)  of  the  card. 


The  Card 

Today  the  coding  of  the  unit  record 
punched  card  has  been  standardized.  It  is 
fairly  easy  to  learn.  The  card  is  divided  into 
12  rows  and  80  columns.  The  rows  (horizon- 
tal lines)  are  numbered  from  top  to  bottom: 
12,  11,  0,  1,  2,  3,  4,  5,  6,  7,  8,  and  9.  The  top 
three,  12,  11,  and  0,  are  called  zones.  The 
bottom  nine,  1 through  9,  are  called  nu- 
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meric,  Fig.  31-1.  The  columns  are  numbered 
1 through  80  from  left  to  right.  Each  column 
can  contain  in  coded  form  either  one  alpha- 
betic letter,  one  numeral,  or  a special 
character  such  as  the  dollar  sign  ($),  the 
period  (.),  or  the  comma  (,).  A single  punch 
in  a column  is  used  to  code  a plus  (+)  sign 
(12-zone  punch) , a minus  or  a dash  ( — ) sign 
(11-zone  punch),  or  any  single  numeral 
from  0 to  9,  Fig.  31-2.  A zone  and  a numeric 
punch  in  a single  column  are  used  to  code  a 
letter  of  the  alphabet.  Fig.  31-1.  A 12-zone 
punch  and  a 1-numeric  punch  in  the  same 
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column  are  used  to  code  the  letter  “A”.  The 
letter  “B”  is  coded  by  the  12-zone  and  the 
number-2  punch.  “C”  is  coded  by  12  and  3. 
“D”  is  coded  by  12  and  4,  and  so  on.  The 
letter  “I”  is  coded  by  12  and  9.  The  letters 
“J”  through  “R”  use  an  11-zone  combined 
with  a numeric  punch.  The  last  third  of  the 
alphabet  (S  through  Z)  begins  with  the  0-2 
combination  for  “S”  and  ends  with  the  0-9 
combination  for  “Z”.  The  top  of  the  card 
can  contain  printed  characters  (signs)  that 
tell  what  the  codes  are  in  certain  columns. 

On  the  cards,  reserved  areas  (called 
fields)  are  used  for  the  punching  of  data. 
For  example,  data  made  up  of  five  alpha- 
betic or  numeric  characters  would  be 
punched  into  the  same  five  columns  of  all 
cards  describing  the  same  item.  The  nu- 
meric quantity  of  each  item  in  stock  would 
be  punched  into  certain  other  columns.  Now 
that  a unit  record  is  made  up,  what  can  be 
done  with  it? 


Processing  of  Data 

The  cards  are  processed  through  special 
machines.  These  machines  can  pick  out  the 
presence  or  absence  of  holes  in  the  cards, 


Fig.  31-1.  A zone  punch  and  a single  punch  in  the 
same  column  are  used  to  code  a letter 
of  the  alphabet. 


Fig.  31-2.  A single  punch  in  a column  indicates 

-f-,  — , 0,  1,  2,  . . . , or  9 as  shown  in  the 
illustration. 
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Fig.  31-3.  These  special  machines  perform 
four  basic  functions : 

1.  Recording, 

2.  Classifying, 

3.  Calculating,  and 

4.  Summarizing  (Fig.  31-4). 


Recording  Function 

Coded  data  can  be  punched  into  a card 
manually  (by  hand),  using  special  yre- 
perforated  cards  called  Port-a-Punch  cards. 
However,  in  most  instances  the  codes  are 
automatically  punched  into  the  cards  by  a 
machine.  It  looks  like  a typewriter  and  is 
called  a key  punch. 

Classifying  Function 

Once  cards  are  punched,  they  can  be  re- 
grouped in  two  ways.  A group  of  cards  can 
be  put  into  different  order  by  a sorter.  Fig. 
31-5.  A second  way  of  regrouping  is  by 
using  a collator.  This  machine  can  take  two 
groups  of  cards,  match  them  (make  sure 
both  groups  are  the  same)  and  merge  them 
(shuffle  them  together  in  some  order).  It 
can  do  other  things  as  well. 


Fig.  31-3.  These  machines  process  data.  They  sense 
the  presence  or  absence  of  holes  in  the 
punched  cards. 


Calculating  Function 

The  calculator  is  a machine  that  can  pick 
out  numeric  coded  data  on  a series  of  cards. 
Then  it  can  either  add  the  data  together, 
subtract  one  from  another,  multiply  totals 
together  (by  rapid  addition),  or  divide  one 
number  by  another  (by  rapid  subtraction). 
The  results  of  these  operations  are  usually 
punched  into  new  cards.  Much  of  the  proc- 
essing done  by  the  calculator  is  now  done 
by  the  electronic  computer. 


Processing  of  Data 


Fig.  31-4.  Data  processing  machines  perform  four 
basic  functions. 


Fig.  31-5.  This  employee  is  operating  a sorter. 
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Summarizing  Function 

The  printing  of  reports  that  come  from 
the  data  punched  into  cards  is  done  by  an 
accounting  (tabulating)  machine.  The  ac- 
counting machine  can  also  do  simple  calcula- 
tions such  as  the  addition  or  subtraction  of 
numbers.  These  are  the  important  machines 
used  in  the  processing  of  data  in  the  form 
of  a unit  record. 


Occupations  in  Data  Processing 

There  are  several  different  groups  of 
'vorkers  in  unit  record  data  processing. 
There  are  the  key  punch  operators.  They 
are  the  people  who  record  data  into  punched 
cards,  Fig.  31-6.  There  are  the  operators 
who  sort  cards,  collate  (put  together)  decks 
of  cards,  and  operate  the  calculators  and 
the  accounting  machines  to  produce  reports. 
Another  group  of  people  wires  the  control 
panels  for  the  accounting  and  other  ma- 
chines. Technicians  with  a knowledge  of 
mechanics  and  electronics  are  needed  to 
keep  the  machines  in  repair.  Fig.  31-7.  Daily, 
more  and  more  people  are  needed  in  this 
field. 


Summary 

The  alphabet,  numbers,  and  special  sym- 
bols can  be  coded  on  a unit  record  card.  The 
unit  record  cards  ar<;  then  processed  by 
data  processing  machines.  The  four  basic 
functions  or  operations  of  data  processing 
are:  (1)  recording,  (2)  classifying,  (3) 
calculating,  and  '4)  summarizing. 

Today  data  processing  concepts  (ideas) 
are  being  used  in  most  companies,  large  and 
small.  For  intelligent  decision-making  on  the 
part  of  management,  it  is  necessary  for  all 
important  facts  to  be  known  so  that 
changes  may  be  made.  Some  companies 
have  gone  out  of  business  because  manage- 
ment did  not  know  the  company  was  losing 
money. 
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Fig.  31-6.  There  are  many  key  punch  operator  jobs 
in  data  processing. 


Fig.  31-7.  Technicians  are  needed  to  repair,  service, 
and  clean  data  processing  equipment. 


Manufacturers  use  data  processing  tools 
in  many  ways.  They  are  used  to  prepare 
payrolls,  financial  statements,  bills,  inven- 
tories, sales  reports,  etc.  In  the  future,  more 
use  will  be  made  of  these  tools.  They  can  be 
used  for  forecasting  (predicting)  sales, 
product  design  and  development,  production 
planning,  production  control,  personnel,  and 
management  decision-making. 
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Terms  to  Know 

data 

Port-a-Punch  cards 

numeric 

operators 

information 

key  punch 

numeric  punch 

sort 

data  processing 

sorter 

characters 

collate 

manually 

collator 

fields 

control  panels 

punched  card 

a.  match 

recording 

technicians 

unit  record 

b.  merge 

classifying 

concepts 

standardized 

calculator 

calculating 

forecasting 

coding 

electronic  computer 

summarizing 

rows 

accounting  (tabulating) 

pre-perforated 

zones 

machine 

key  punch  operators 

Think  About  It! 

1.  Why  do  data  cards  carry  the  message: 
“Please  do  not  bend,  fold,  staple,  or  oth- 
erwise mutilate  this  card”? 

2.  If  data  'processing  eliminates  the  need 
for  human  beings  to  do  what  machines 
can  do  quicker  and  more  accurately,  what 
happens  to  the  people  who  used  to  do 
these  jobs? 
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Using  the  Computer 


From  the  earliest  tim-is  man  has  always 
wanted  to  know  how  many  or  how  much.  At 
first  he  counted  on  his  fingers  and  toes. 
Later  he  used  stones  to  keep  track  of  things. 
He  also  made  marks  on  the  earth  or  on  the 
walls  of  his  cave.  Soon  his  possessions  grew 
in  number.  He  invented  machines  to  help 
him  in  his  calculations  (arithmetic).  The 
earliest  of  these  machines  was  the  abacus, 
made  of  a series  of  beads  on  wires.  It  is 
still  used  in  the  Orient. 

Around  1822,  Charles  Babbage,  an  Eng- 
lishman, used  the  fact  that  figuring  with 
numbers  is  doing  the  same  thing  over  and 
over  again.  He  thought  a machine  could  be 
made  that  would  automatically  operate  on 
numbers  of  any  kind  to  get  answers.  He 
tried  to  build  an  analytical  engine.  It  would 
first  accept  all  the  directions  to  complete  a 
calculation.  Then,  using  whatever  data  were 
given  to  it,  it  would  perform  all  the  opera- 
tions without  any  human  help.  His  idea  was 
a good  one.  The  mechanics  and  technicians 
of  those  days,  however,  were  not  skilled 
enough  to  make  it  work.  This  was  the  first 
idea  for  a stored  program  computer.  Modern 
electronic  technology  developed  in  the  late 
1940’s.  Then  Babbage’s  ideas  were  put  to 
use  when  the  EDVAC  (Electronic  Discrete 
Variable  Automatic  Computer)  was  built. 
Many  newer  computers  are  now  in  use. 


The  Electronically  Stored  Program 

The  electronic  computer  is  made  up  of 
several  different  parts.  These  are: 

1.  Input, 

2.  Central  processing  unit,  and 

3.  Output,  Fig.  32-1. 
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You  will  learn  about  each  part  and  how  all 
the  parts  work  together  to  give  man  a pow- 
erful computational  (capable  of  figuring) 
and  decision-making  tool. 


Input 


Before  any  processing  can  take  place, 
data  must  be  put  into  the  computer.  There 
are  several  ways  this  is  done  today. 

The  first  way  is  to  punch  the  data  or  in- 
formation into  cards.  Data  are  coded  in  the 
same  Hollerith  coding  that  is  used  for  unit 
record  data  processing.  These  cards  are 
then  put  into  a machine  called  a card  reader. 
The  presence  or  absence  of  holes  in  posi- 
tions of  the  card  lets  electric  current  flow 
into  the  memory  of  the  computer.  In  this 
way  data  are  stored  in  the  computer’s 
memory  for  processing. 

Other  kinds  of  input  used  are  a type- 
tvriter  keyboard  connected  directly  to  the 
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computer,  Fig.  32-2;  punched  paper  tape 
readers;  and  magnetic  tape  readers,  Fig. 
32-3.  The  punched  paper  tape  is  coded  to 
cards.  More  than  80  pieces  of  data  can  be 
punched  into  the  paper  tape.  Paper  tape  is 
also  used  a great  deal  in  numerical  control 
of  machinery.  Magnetic  tape  used  in  com- 
puters is  very  much  like  the  tape  used  on 
voice  tape  recorders.  Instead  of  voice  and 
music,  coded  alphabetic  and  numeric  char- 
acters (signs)  are  read  from  the  tape. 


Central  Processing  Unit 

Data  are  “read"  by  one  of  the  sensing 
units  of  the  central  processing  unit  (c.p.u.). 
The  central  processing  unit  is  made  up  of 
four  sections: 

1.  Control, 

2.  Memory, 

3.  Arithmetic,  and 

4.  Logic,  Fig.  32-4. 

All  operations,  including  the  reading  of 
data,  are  under  the  control  section  of  the 
central  processing  unit.  This  part  of  the 
computer  is  like  a railroad  yard.  Switches 
are  opened  and  closed  to  make  the  system 
do  certain  things.  Fig.  32-6. 


Fig.  32-3.  Samples  of  punch  cards,  paper  tape,  and 
magnetic  tape  used  for  feeding  input  into 
c computer  are  shown. 


Fig.  32-4.  These  are  the  four  main  sections  of  the 
central  processing  unit  (c.p.u.). 


Fig.  32-2.  This  typewriter  keyboard  is  a means  of 
feeding  input  into  a computer. 


Fig.  32-5.  This  operator  is  controlling  the  computer, 
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Before  any  processing  can  take  place, 
data  must  be  fed  into  the  computer.  So,  data 
are  stored  in  the  memory  system  of  tho 
computer.  The  data  are  stored  as  electric  or 
magnetic  impulses  (forces)  in  coded  form, 
Fig.  32-6. 

Most  of  the  processing  done  by  a com- 
puter is  the  addition,  subtraction,  multipli- 
cation, and  division  of  numbers.  There  are  a 
series  of  circuits  (paths)  in  the  central 
processing  unit  which  do  these  operations. 
Only  two  processes  are  used,  addition  and 
subtraction.  These  are  in  the  arithmetic 
section. 

The  computer  can  also  be  told  to  make 
certain  simple  logical  decisions.  Is  one  num- 
ber the  same  as  another?  Is  one  number 
smaller  (or  larger)  than  another?  Is  the 
job  finished?  As  these  questions  are  an- 
swered, certain  .switches  are  set.  Then  either 
one  operation  or  another  will  take  place. 
These  particular  circuits  (paths)  are  in  the 
logic  section. 

Output 

After  the  data  are  processed,  they  must 
be  put  into  a form  which  man  can  use.  The 
most  common  form  of  output  is  the  printed 
page.  Fig.  32-7.  The  typewriter  which  was 
used  for  input  can  also  type  the  output.  A 
high-speed  printer  can  print  up  to  1200 
lines  in  one  minute.  Each  of  these  lines  can 
have  as  many  as  132  different  alphabetic  or 
numeric  characters. 

If  the  output  of  a computer  is  to  be  fur- 
ther processed,  it  can  be  done  automatically 
in  coded  punched  cards  or  on  magnetic  tape. 

Controlling  the  Computer 

The  computer  is  basically  thousands  of 
electrical  or  electronic  switches  which  are 
either  open  or  closed.  These  switches  are 
set  by  the  person  controlling  {program- 
ming) the  computer.  The  programming  of 
the  computer  is  the  most  careful  work  done 
by  people  in  this  field. 


Fig.  32-6.  This  memory  drum  of  a computer  will 
store  thousands  of  data. 


Fig.  32-7.  The  printed  output  of  the  computer  helps 
men  to  use  the  data. 
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Programming 


The  first  step  in  progi’amming  a computer 
is  so  simple  that  most  people  would  not 
even  think  of  it.  You  must  decide  what  the 
problem  is.  Once  you  understand  the  prob- 
lem, then  you  can  decide: 

1.  What  data  can  be  collected  and  stored, 

2.  What  the  end  result  of  the  processing 
is  to  be,  and 

3.  What  exact  steps  must  be  followed  to 
get  these  results. 

Programmers  have  developed  a set  of 
sy^nbols  and  a procedure  to  help  them  see 
the  ways  to  solve  problems.  The  procedure 
is  called  flowcharting.  This  shows  the  flow 
of  data  through  various  operations.  Fig. 
32-8.  Here  are  some  of  the  most  common 
symbols  used  for  flowcharting. 


(Start  or  ^ is  us< 
stop  J ginni 


The  oblate . (flattened  circle) 
used  to  show  either  the  be- 
ginning or  end  of  a problem 
solution. 


\ Read  j 

\ ^ / 

\ card  / 


Add  A 
to  B 


(>  means 

“greater 

than”) 


The  trapezoid  is  used  to  show 
some  input  (read  a card,  read 
paper  tape)  or  output  (punch 
a card,  punch  paper  tape) 
operation. 

The  rectangle  is  used  to  show 
what  should  be  done  to  the 
data. 

The  diamond  is  used  for  de- 
cision points.  These  are  places 
in  the  program  where  more 
than  one  type  of  processing 
can  take  place.  The  decision 
depends  on  the  results  of  an 
earlier  operation.  If  a change 
of  procedure  from  the  normal 
is  needed,  this  is  called 
branching. 

Arrows  are  used  to  show  the 
flow  of  data. 
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Let  us  see  how  a flowchart  is  made  to  solve 
a simple  problem. 

The  Problem:  Punch  2 numbers  on  a 
card.  Add  them  together.  If  the  sum  is 
less  than  10,  punch  the  answer  into  a 1 
card.  If  the  answer  is  equal  to  or  greater 
than  10,  write  the  answer  on  the  com-^ 
puter  typewriter. 

The  flowchart  for  this  problem  is  shown  in 
Fig.  32-8. 

When  the  flowchart  is  flnished,  the  com- 
puter program  is  written.  The  program  can 
be  written  in  several  different  languages. 
Learning  these  languages  is  just  as  hard 
as  learning  French  or  Latin.  In  English, 
however,  a program  to  solve  the  problem 
which  was  flowcharted  in  Fig.  32-8  would 
look  like  this: 

1.  Start. 

2.  Read  a card. 

3.  Move  the  two  numbers  to  two  memory 
positions. 

4.  Add  the  two  numbers  together. 

6.  Put  the  sum  in  a position  of  memory. 

6.  Create  the  number  “10”  in  a position 
of  memory. 

7.  Compare  the  sum  to  the  number  “10”. 

8.  If  the  sum  is  greater  than  or  equal  to 
10,  go  to  step  9.  If  the  sum  is  less  than 
10,  go  to  step  11. 

9.  Type  the  answer  on  the  computer  type- 
writer. 

10.  Go  to  step  12. 

11.  Punch  the  answer  in  a card. 

12.  Stop. 

As  you  can  see,  even  a simple  program 
such  as  this  has  12  steps.  Programs  are 
written  to  solve  manufacturing  inventory  or 
production  problems.  Often  there  are  from 
10,000  to  16,000  separate  steps. 


Advantages  of  Computers 

It  seems  hardly  worth  the  effort  to  write 
a program  to  add  two  numbers  together. 
But  suppose  the  problem  is  to  add  together 
one  million  sets  of  numbers.  Once  the  pro- 
gram has  been  written,  the  computer  can 


automatically  repeat  the  same  process  over 
and  over  many  times.  It  can  add  together 
each  two  numbers  in  the  million  sets  in  al- 
most the  same  time  it  would  take  you  to  add 
100  numbers  together.  One  advantage  of  the 
computer  is  that  it  does  not  get  bored  or 
tired.  Another  advantage  is  that  it  usually 
does  not  make  mistakes. 

Remember  that  a computer  is  pro- 
grammed to  solve  a problem  in  a definite 
way.  The  program  does  not  depend  on  the 
data  themselves.  Once  the  program  is  writ- 
ten, it  is  then  placed  or  “read”  into  the  com- 
puter memory.  When  data  are  ready  for 
processing,  man  is  no  longer  in  charge.  The 
computer  will  repeat  the  job  over  and  over 
again  until  the  program  tells  it  to  stop. 


Fig.  32-9.  There  are  many  jobs  for  people  in  building 
computers  (top)  and  operating  computers 
(below).  Will  you  find  your  futrre  in  the 
computer  field? 
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Job  Opportunities 

Computer  technology  is  perhaps  the  fast- 
est grrowin;'?  employment  field  today,  Fig. 
32-9.  There  is  a need  for  people  to  define 
problems  and  develop  solutions.  These  peo- 
ple are  called  systems  analysts.  The  people 
who  write  the  instructions  the  computer 
will  follow  are  called  programmers.  Because 
the  computer  is  made  of  thousands  of  tran- 
sistors, resistors,  circuits,  and  other  elec- 
tronic devices,  there  is  a great  need  for 
technicians  to  keep  the  computers  working. 


dudes  control,  memory,  arithmetic,  and 
logic  sections;  and 

3.  Output,  which  makes  ithe  results  of  data 
processing  useful  to  man. 

Once  the  program  is  written,  it  is  placed 
in  the  memory  of  the  computer.  Then  the 
computer  can  automatically  process  data  fed 
into  it.  Under  the  direct  control  of  man,  this 
machine  can  do  jobs  that  allow  him  to  better 
live  in  and  understand  the  world  about  him.. 


Terms  to  Know 


Manufacturing  and  the  Computer 

In  manufacturing,  computers  have  found 
their  greatest  use  in  repetitive  clerical  (rec- 
ord keeping)  types  of  work.  Accounting  and 
payrolling  are  two  examples.  The  computer 
is  very  useful  in  sales  forecasting  (predict- 
ing). More  and  more  uses  are  being  dis- 
covered in  production  planning  and  con- 
trolling. Some  use  is  being  made  of  com- 
puters in  product  design.  Quality  control 
systems  are  more  effective  by  using  computer 
techniques.  In  actual  production  processes, 
special  purpose  computers  have  been  very 
successful  in  directing  machine  operations. 

More  and  better  uses  for  the  computer  will 
be  found.  In  the  future,  managers  will  make 
more  use  of  the'  computer  for  making  deci- 
sions. Its  use  in  research  and  development 
will  grow. 


Summary 

The  electronically  stored  program  compu- 
ter is  a machine  made  up  of  thousands  of 
switches  and  circuits.  After  programming  it 
io  able  to  repeat  a procedure  over  and  over 
again  without  any  further  help  from  man. 

The  computer  has  three  main  sections ; 

1.  Input,  which  puts  data  into  the  com- 
puter ; 

2.  The  central  processing  unit,  which  ihrA 
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calculations 

abacus 

automatically 
analytical  engine 
stored  program 
computer 

electronic  technology 
electronic  computer 
input 

central  processing  unit 
(c.p.u.) 

a.  control 

b.  memory 

c.  arithmetic 

d.  logic 
output 

computational 
decision-making 
card  reader 
typewriter  keyboard 
punched  paper  tape 
readers 

magnetic  tape  readers 

characters 

control 

switches 


Think  About  It  I 


memory  system 

impulses 

circuits 

arithmetic  section 
logic  section 
printer 
programming 
symbols 
flowcharting 
oblate 
trapezoid 
rectangle 
diamond 
branching 
arrows 
computer 
technology 
systems  analysts 
programmers 
technicians 
clerical 
accounting 
payrolling 
sales  forecasting 
planning 
controlling 


1.  Besides  adding  and  subtracting,  what  can 
a computer  do?  Can  it  do  more  than  man 
directs  it  to  do? 

2.  Can  you  list  three  things  that  a computer 
did  for  you  and  your  family  last  week? 
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Using  the  Computer 


“Identifying  problem 
-Flowcharting 
-Writing  program 


-Cards 

“Tapes 


'Control 

“Memory 

“Arithmetic 

-Logic 


-Printed  Page 

“Cards 

-Tapes 
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Slightly  over  one-fourth  of  all  the  labor 
force  in  the  United  States  works  directly  in 
manufacturing.  Many  more  people  work  in 
jobs  that  are  indirectly  related  to  manufac- 
turing. 

After  raw  materials  have  been  gotten 
from  nature,  different  manufacturing  indus- 
tries convert  (change)  these  materials  into 
useful  products.  Customers  get  these  prod- 
ucts by  different  means  of  trade  or  distribii- 
tion.  In  this  reading  you  will  learn  about 
manufacturing  employment  and  occupations. 
This  large  group  stands  between  the  raw  ma- 
terials and  the  distribution  of  manufactured 
nroducts. 


Employment 
and  Occupations 
in  Manufacturing 

Relationship  of  Manufacturing 

Employment  to  the  Labor  Force 

In  1966,  manufacturing  in  the  United 
States  employed  almost  16  million  people. 
This  is  more  than  any  other  category 
(group)  of  employment.  There  were  59,738,- 
000  nonagricultural  workers  in  the  United 
States  in  1966,  and  5,047,000  agricultural 
workers.  Figure  33-1  shows  how  many  peo- 
ple worked  during  1966  in  manufacturing, 
wholesale  and  retail  trade  (in  which  goods 
are  sold  to  stores,  and  stores  then  sell  them 
to  the  consumers),  government  jobs,  mining, 
and  other  occupations.  The  graph  does  not 
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Fig.  33*1.  Numbers  of  workers  in  manufacturing  and  Fig.  33-2. 
other  fields  during  1966  are  shown. 

Agricultural  workers  are  not  Included. 
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Numbers  of  workers  in  manufacturing  and 
other  fields  are  estimated  for  the  year 
1975. 
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EMPLOYMENT  GROWTH  BY  INDUSTRY  GROUPS 
Percent  Change  1965  to  1975  (Projected) 

Percentage  Decline  Percentage  Growth 

10%  I 20%  I 30%  I 40% 


Industry 

30% 

"20^ 

10% 

0 

Services 

42.3% 

Government 

39.1% 

Contract  Construction 
31.7% 

Trade  Whsle.  & Retail 
27.1% 

Manufacturing 

24.1% 

Transportation 
Public  Utilities  12.1% 

Finance,  Real  Estate, 
Insurance  23.4% 

Mining 

1.9% 

Agriculture 

22.4% 

Fig.  33-3.  Estimated  percent  of  change  in  employment,  from  1965  to  1975,  in 
manufacturing  and  other  fields. 


show  those  who  worked  in  agriculture.  By 
1975  this  group  of  nonagricultural  em- 
ployees should  reach  78,515,000.  The  number 
of  agricultural  workers  should  fall  to  3,917,- 
000  by  1975.  Figure  33-2  shows  how  many 
people  should  be  in  each  group  during  1975. 
Employment  should  increase  by  almost  19 
million  workers  betv/een  1966  and  1975.  But 
the  percentage  of  people  in  each  occupation- 
al group  will  probably  stay  about  the  same. 
This  means  that  the  total  nonagricultural 
employment  in  1975  will  have  increased  by 
almost  19  million.  The  percentage  changes 
within  groups  of  occupations,  however,  will 
be  very  small. 


Another  survey  has  estimated  (figured) 
the  employment  growth  and  decline  in  ma- 
jor areas  from  1965  to  1975,  Fig.  33-3. 


Youth  in  the  Labor  Force 

The  number  of  workers  in  each  age  group 
of  the  labor  force  is  changing.  Figure  33-4 
gives  the  change  in  the  number  of  workers 
within  a particular  age  group  for  the  years 
1955,  1965,  and  the  estimates  for  1975. 

Figure  33-4  shows  that  the  total  labor 
force  will  increase  in  nearly  all  age  groups 
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LABOR  FORCE  IN  THE  UNITED  STATES 
The  Numbers  Represent  Millions  of  Workers 

Age  Group 1955  1965 1975  (projected) 


Under  26 

11.86 

16.66 

21.10 

26-34 

16.73 

14.99 

21.09 

35-44 

16.04 

17.23 

16.29 

46  & Over 

24.85 

29.31 

33.76 

68.07 

77.18 

92.23 

Fig.  33-4.  Labor  force  in  the  United  States.  The  numbers  stand  for  millions  of  workers. 
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from  1966  to  1976.  But  the  36  to  44  age  group 
will  decrease.  The  largest  increases  are  in 
the  younger  age  groups  of  under  26  and  the 
26  to  34  group.  The  group  under  26  will  in- 
crease 34  percent.  The  26  to  34  group  will  in- 
crease 40  percent.  These  younger  age  groups 
in  1966  made  up  about  39  percent  of  the  total 
labor  force.  In  1976  they  should  be  about  46 
percent  of  the  labor  force.  This  will  be  an 
increase  of  about  7 percent. 

The  new  workers  in  the  younger  age 
groups  will  be  better  trained.  For  example, 
in  the  age  group  of  from  26  to  34,  there  will 
be  only  about  30  percent  with  less  than  a 
high  school  education  in  1976.  In  1966  this 
figure  was  about  37  percent.  This  means  that 
7 percent  more  workers  will  have  at  least  a 
high  school  education. 

Education  and  training  will  be  important 
throughout  life.  In  the  future,  a person  must 
be  both  a worker  and  a learner  throughout 
his  working  years. 


Categories  of  Manufacturing 
Employment 

Manufacturing  employment  may  be  di- 
vided into  two  main  categories : 

1.  Durable  goods  employment,  and 

2.  Nondurable  goods  emplojmient. 

Durable  goods  are  products  that  have  a life 
of  three  years  or  more.  Nondurable  goods 
are  goods  that  last  less  than  three  years. 

In  durable  goods  manufacturing,  there  are 
ten  categories.  They  are  ordnance  (weapons 
and  ammunition) ; lumber  and  wood ; furni- 
ture ; stone,  clay,  and  glass ; primary  metals ; 
fabricated  metals;  electrical  equipment; 
transportation  equipment;  instruments; 
and  machinery.  Figure  33-6  shows  the  num- 
ber of  workers  in  each  category. 

In  nondurable  goods  manufacturing,  there 
are  also  10  categories.  They  are  food ; tobac- 
co; textile  mill;  apparel;  paper;  printing 
and  publishing;  chemicals;  petroleum;  rub- 
ber; and  leather.  Figure  33-6  shows  the 
number  of  workers  in  each  category. 
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Durable  Goods 

Ordnance  | 

Lumber- Wood  | 

Furniture  | 

Stone-Clay-Glass  | 

Primary  Metals  | 

Fabricated  Metals  | 

Electrical  Equipment  | 

Transportation  Equip.  | 

Instruments  | 

Machinery  | 

Miscellaneous  | 

1970  Employment  in  Durable  Goods  Manufacturing 


Distribution  by  Percent  of  All  Manufacturing  Employees 

1%  2%  3%  4%  5%  6%  7%  8%  9%  10%  11% 


( )Figures  Represent  Numbers  Employed  > 

Fig.  33-5.  The  1970  employment  in  durable  goods  manufacturing  is  shown. 
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By  1975  the  total  employment  in  tobacco, 
petroleum,  leather,  and  lumber  and  wood 
will  decrease.  All  of  the  other  16  categories 
will  increase.  Printing  and  publishing  will 
increase  the  most. 

Production  Occupations 

A production  worker  works  in  a plant, 
factory,  or  mill  that  changes  crude  (raw) 
materials  into  goods  for  human  use.  Produc- 
tion workers  directly  add  value  to  raw  ma- 
terials by  changing  the  form  of  materials. 
Production  workers  can  be  grouped  as  un- 
skilled, semiskilled,  and  skilled.  Fig.  33-7. 

The  unskilled  worker  does  very  simple 
jobs.  Today  industry  needs  very  few  un- 
skilled workers. 

Most  manufacturing  production  employees 
are  semiskilled.  They  use  machines  to  stamp 
out  or  shape  metal  parts.  They  run  power 
driven  equipment.  They  assemble  parts  of  a 
product.  They  drive  fork  lift  trucks.  They 
load  conveyors  with  proper  parts.  These  are 
examples  of  the  many  jobs  that  semiskilled 
workers  do. 

There  is  a shortage  of  workers  in  skilled 
jobs  in  manufacturing.  This  includes  ma- 


chinists, job  setters,  toolmakers,  lathe 
operators,  plumbers,  electricians,  welders, 
millwrights,  draftsmen,  and  others.  These 
workers  usually  go  through  an  apprentice- 
ship (learning)  program.  They  often  spend  a 
number  of  years  learning  their  work.  Skilled 
workers  are  the  highest  paid  production 
workers. 


Fig.  33-7.  Most  production  workers  are  semiskilled 
or  skilled. 


1970  Employment  in  Nondurable  Goods  Manufacturing 


Nondurable  Goods 
Food 
Tobacco 


Textile  Mill 


Apparel 


Paper 


Printing  Publishing 


Chemicals 


Petroleum 


Rubber 


Leather 


Distribution  by  Percent  of  All  Manufacturing  Employees 
1%  2%  3%  4%  5%  6%  7%  8%  9%  10%  11% 


( ) Figures  Represent  Numbers  Employed 


Fig.  33-6.  The  1970  employment  in  nondurable  goods  manufacturing  is  shown. 
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Managerial  Occupations 

Managerial  occupations  are  fewer  in  num- 
ber than  production  occupations,  but  they  are 
a very  important  part  of  the  manufacturing 
labor  force.  The  employees  of  the  manap- 
ment  group  usually  have  more  education 
than  the  production  workers.  This  education 
includes  college,  junior  college,  business  col- 
lege, trade  and  technical  schools,  or  corre- 
spondence schools.  Fig.  33-8. 

The  general  functions  of  management  are 
planning,  organizing,  and  controlling.  Dif- 
ferent groups  work  at  management  jobs. 
Managers  do  not  directly  add  value  to  ma- 
terials. They  indirectly  add  value. 

The  top  management  job,  under  the  presi- 
dent, may  be  the  vice-president  and  general 
manager.  He  is  in  charge  of  the  whole  com- 
pany’s work.  The  manager  of  manufactur- 
ing reports  to  the  general  manager.  He  is  in 
charge  of  producing  the  company’s  products. 
Several  shop  superintendents  report  to  the 
manager  of  manufacturing.  Each  one  is  in 
charge  of  a part  of  the  production.  The  gen- 
eral foreman  reports  to  the  shop  superin- 
tendent. He  is  in  charge  of  one  or  more 
departments.  The  shop  foreman  reports  to 
the  general  foreman.  The  shop  foreman  is 
directly  in  charge  of  production  workers. 


Fig.  33-8.  Many  management  personnel  have  college 
degrees  or  special  training. 


Fig.  33-9.  He  is  in  charge  of  getting  the 
workers  to  do  their  job  in  the  most  efficient 
way. 

'The  personnel  manager  and  his  staff  are 
in  charge  of  all  the  personnel  action  of  the 


Fig.  33-10.  Many  clerical  workers  are  needed  in 
manufacturing. 
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company.  Their  jobs  include  hiring,  training, 
working,  advancing,  and  retiring  practices. 
The  work  of  the  personnel  department  is  part 
of  management. 

All  people  in  engineering  jobs  perform 
management  functions.  Production  planners 
indirectly  add  value  to  the  product.  Quality 
control  people  perform  important  manage- 
ment jobs.  They  are  in  charge  of  the  quality 
of  the  company’s  products.  They  actually 
take  the  place  of  the  customer  in  the  plant. 
Production  control  jobs  include  getting,  mov- 
ing, and  shipping  the  company’s  products  to 
the  customers.  Other  workers  in  this  area 
are  the  traffic  supervisor,  material  handling 
supervisor,  shipping  foreman,  and  receiving 
foreman. 

Engineers  need  technicians.  For  every  en- 
gineer a company  hires,  from  three  to  ten 
technicians  are  hired.  There  is  a very  great 
shortage  of  technicians  in  industry.  A tech- 
nician usually  has  one  or  two  years  of  edu- 
cation beyond  high  school. 

Workers  in  marketing,  advertising,  sales, 
accounting,  and  purchasing  indirectly  add 
value  to  the  product  of  the  company.  Many 
people  do  clerical  work  in  offices  in  manufac- 
turing, Fig.  33-10.  These  people  could  use 
their  knowledge  and  skills  just  as  well  in 
businesses  other  than  manufacturing. 

Data,  People,  and  Things 

Occupations  include  a group  of  skills  or 
jobs  and  the  people  who  can  do  them.  A new 
way  to  look  at  an  occupation  is  to  think  of 
the  individual  “job”  as  tasks,  skills,  and 
abilities  necessary  to  do  the  job  well.  This 
new  approach  to  job  description  puts  each 
job  into  three  divisions  (kinds)  of  perform- 
ance: data,  people,  and  things.  Fig.  33-11. 

Working  with  data  includes  such  things  as 
information,  mental  creation,  work  symbols, 
and  ideas.  Working  with  people  includes  ex- 
changing ideas,  teaching  subject  matter, 
supervising,  persuading,  or  attending  to  the 
needs  of  people.  Things  have  shape,  form, 
and  other  qualities.  They  are  such  items  as 
machines,  tools,  and  equipment. 


A value  of  from  0 to  8 is  given  to  each 
division  of  data,  people,  and  things.  The 
value  of  8 shows  no  importance  to  the  job. 
The  value  of  0 shows  great  importance  to 
the  job.  For  example,  a job  with  a value  of 
084  means : 

1.  The  “data”  division,  value  of  0,  is  very 
important  for  this  job. 

2.  The  “people”  division,  value  of  8,  is  not 
important  at  all  for  this  job. 

3.  The  “things”  division,  value  of  4,  is  of 
average  importance  to  the  job.  See  Fig. 
33-12. 


Job  Classification 
Divisions  of  Performance 


Fig,  33-11,  Job  classifications  differ  depending  on 
how  the  employee  works  with  data, 
people,  or  things. 
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Other  examples  are : manufacturing  engi- 
neers 187,  building  inspector  168,  grinder 
setup  man  380,  and  welder  381. 


Summary 

The  total  number  of  workers  in  the  labor 
force  will  increase  by  almost  one-third  from 
1966  to  1975.  Service  and  government  em- 
ployment will  increase  the  most.  Only  mining 
and  agricultural  employment  will  decline. 
Of  the  20  categories  of  manufacturing  em- 
ployment, printing  and  publishing  employ- 
ment will  increase  about  30  percent  more 
than  the  next  largest  category  increase. 

Our  labor  force  is  becoming  younger.  This 
means  that  we  are  getting  more  young  people 
into  the  work  force  each  year.  The  younger 
labor  force  will  be  better  trained. 

Production  workers  directly  add  value  by 
changing  the  forms  of  materials.  Production 
occupations  are  unskilled,  semiskilled,  and 
skilled.  Most  of  the  production  labor  force 
is  semiskilled.  The  highest  paid  group  of 
production  workers  is  the  skilled  employee 
group. 

Managerial  occupations  indirectly  add 
value  to  the  product  by  planning,  organizing, 
and  controlling  the  company’s  activities. 
Management  jobs  are  well  paid.  Education 
beyond  high  school  is  usually  needed. 

Job  classifications  are  now  being  made  us- 
ing three  divisions  of  performance:  data, 
people,  and  things.  Jobs  differ  in  how  much 
work  with  data,  people,  or  things  they  in- 
clude. 


Terms  to  Know 

convert 

distribution 

category 

wholesale 

retail 

estimated 

labor  force 

durable  goods 

nondurable  goods 

ordnance 

crude 

directly 

unskilled 

semiskilled 

skilled 

apprenticeship 

managerial 

occupations 

production 

operations 

planning 

organizing 

controlling 

management 


Think  About  It! 


indirectly 
president 
vice-president  and 
general  manager 
manager  of 
manufacturing 
shop  superintendents 
general  foreman 
shop  foreman 
production  workers 
personnel  manager 
traffic  supervisor 
material  handling 
supervisor 
shipping  foreman 
receiving  foreman 
engineers 
technicians 
occupations 
job  description 

a.  data 

b.  people 

c.  things 
divisions 


1.  Managers  add  value  to  products  indi- 
rectly. How  do  managers  add  value  to 
products? 

2.  Why  do  you  think  that  service  and  gov- 
ernment employees  will  increase  the  most 
from  1966  to  1975?  Will  manufacturing 
workers  increase  or  decrease? 
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Manufacturing 

Personnel 

Technology 

Everyone’s  life  in  our  country  is  touched 
by  industry.  You  don’t  have  to  walk  long  dis- 
tances to  school.  You  can  ride  a car  (a  manu- 
factured object)  over  a constructed  highway. 
You  don’t  have  to  worry  about  extreme  heat 
or  cold.  Items  of  clotliing  protect  you  when 
you  are  outside.  Inside  you  are  protected  by 
the  building  and  its  heating  and  cooling  sys- 
tems. You  don’t  have  to  worry  about  food 
shortages.  Seasonal  food  products  and  sur- 
pluses (extras)  can  now  be  kept  until  they 
are  needed.  The  way  people’s  lives  are 
touched  by  industry  is  studied  in  some  way 
in  most  of  your  school  subjects. 

The  lives  of  about  25  million  people  (one- 
third  of  the  total  labor  force)  are  affected 
directly  by  industry,  Fig.  34-1.  These  people 
work  in  the  factories  and  on  the  construction 
sites.  They  are  called  industrial  workers, 
employees,  or  personnel,  Fig.  34-2.  They  are 
affected  by  industry  off  the  job  in  much  the 


Fig.  34-1.  About  25-million  Americans  work  in 

manufacturing  and  construction.  Fitting  the 
people  to  the  right  job  is  the  work  of  the 
personnel  department. 


same  way  as  other  people  are.  Industrial 
workers  also  come  into  contact  daily  with 
personnel  technology  (practices)  on  their 
jobs.  Some  of  these  practices  (techniques) 
are  fhe  same  in  manufacturing  as  they  are 
in  construction,  but  many  of  them  are  very 
different.  All  manufacturing  workers  and  all 
construction  workers  are  (1)  hired,  (2) 
trained,  (3)  worked,  (4)  advanced,  and  (5) 
retired.  The  practices  used  with  all  workers 
can  be  studied  under  these  major  headings. 

Importance  of  Personnel  Technology 

A manufactured  product  may  be  well  de- 
signed and  engineered,  but  little  will  come  of 
it  unless  able  workers  can  be  hired  to  make 


Fig.  34-2.  During  their  v/orking  week,  employees 
spend  one-half  of  their  waking  hours  at 
their  jobs.  Satisfaction  is  important. 
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it.  HiHng  practices  are  important.  Suppose 
trained  workers  cannot  be  hired.  Training 
must  then  be  given  workers  to  help  them  get 
the  knowledge  and  skills  they  need  to  do  the 
work.  Fig.  34-3.  Without  this  training,  a new 
worker  would  have  difficulty  helping  others 
make  a product. 

Suppose  the  people  have  been  picked  who 
can  do  the  work.  The  working  conditions  on 
their  jobs  will  help  them  decide  whether  or 
not  they  want  to  go  on  working  there.  Sup- 
pose they  decide  to  stay.  How  long  they  stay, 
how  happy  they  are,  and  how  well  they  work 
all  will  be  decided  by  their  working  condi- 
tions. It  will  not  do  much  good  to  attract 
and  hire  good  workers,  if  they  will  not  like 
their  working  conditions  enough  to  want  to 
work  well  every  day. 

There  are  important  reasons  for  workers 
staying  a long  time  with  one  employer.  One 
of  these  reasons  is  the  kind  of  advancement 
and  retirement  practices  that  are  used.  If 
the  workers  feel  they  will  be  rewarded  for 
good  work  and  can  look  forward  to  retire- 
ment, they  will  be  more  likely  to  stay  with 
their  employer.  What  will  be  done  with  the 
people  in  the  company  must  be  planned, 
organized,  and  controlled.  This  is  just  as 


Fig.  34-3.  Some  skills  are  learned  best  on  the  job. 
Older  workers  train  newer  ones. 


important  as  what  is  done  with  the  tools, 
machines,  and  materials.  People  can  be  there 
for  a lifetime,  but  most  other  resources  are 
replaced  much  more  often.  People  may  be 
the  most  valuable  resource  a company  has. 

Personnel  technology  is  usually  thought 
of  as  something  that  has  to  do  only  with 
production  workers.  All  levels  and  kinds  of 
management  personnel  are  also  included. 
Fig.  34-4.  They  are  hired,  trained,  worked, 
advanced,  and  retired.  All  manufacturing 


Fig.  34-4.  Personnel  practices  apply  to  all  production 
workers  and  to  all  levels  of  management 
personnel,  such  as  engineers  and  designers. 


SERVICE  MEN 


Fig.  34-5.  Many  methods  are  used  to  attract  workers 
to  manufacturing.  Newspaper  ads  are 
often  used. 
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workers  are  included  in  manufacturing  per- 
sonnel technology. 


Hiring 

All  the  personnel  in  manufacturing,  except 
owners,  have  been  hired  at  least  once.  Hir- 
ing includes : 

(1)  recruiting, 

(2)  selecting,  and 

(3)  inducting. 

Recniitment  techniques  find  the  people  who 
might  want  a particular  job,  Fig.  34-5.  If 
there  is  more  than  one  qualified  applicant 
(job  seeker),  techniques  are  used  to  select 
(choose)  the  best  worker.  After  the  worker 
is  selected,  he  must  be  inducted.  That  means 
he  needs  to  be  told  what  his  work  is.  He 
also  needs  to  know  how  he  should  do  his 
work.  He  needs  to  know  where  he  can  get 
lunch  or  safety  equipment.  He  needs  to 
know  what  to  do  if  he  gets  hurt  or  needs 
to  rest.  Thus  inducting  means  telling  him 
all  the  many  things  he  needs  to  know  to  do 
his  work  and  to  satisfy  his  personal  needs. 

Hiring  practices  have  to  work.  This  means 
that  the  techniques  used  to  recruit,  select, 
and  induct  must  work.  Recruitment  tech- 
niques must  get  the  information  about  job 
openings  to  the  applicants  for  them.  Selec- 
tion techniques  must  help  to  reject  (turn 
down)  job  applicants  who  will  not  do  well. 
However,  employers  must  be  careful  so  that 
their  selection  techniques  do  not  discrimi- 
nate against  particular  kinds  of  applicants. 
According  to  federal  law,  an  employer  may 
not  refuse  to  hire  a person  because  of  his 
race,  sex,  color,  religion,  or  national  origin. 
In  addition,  many  states  have  laws  which 
prohibit  these  kinds  of  discrimination  plus 
some  others  (age,  for  example).  Induction 
techniques  must  help  workers  adjust  to  their 
new  jobs.  They  must  also  keep  them  from 
making  unnecessary  mistakes.  Effective  per- 
sonnel departments  have  studied  hiring 
practices.  They  know  which  techniques  work 
and  which  do  not. 


Training 

If  manufacturing  changes  more  rapidly 
every  year,  then  workers  must  change  too. 
They  must  learn  new  knowledge  and  skills. 
If  they  do  not,  they  may  become  obsolete 
(out-of-date)  along  with  the  machines  they 
work  with.  Most  large  manufacturing  com- 
panies today  have  training  programs.  These 
programs  are  planned,  organized,  and  con- 
trolled to  give  all  workers  the  training  they 
need.  This  training  is  given  to  both  pro- 
duction workers  and  to  management  per- 
sonnel. 

Training  is  given  in  different  ways.  Some 
firms  have  complete  schools  which  look 
much  like  the  school  you  are  in.  Others 
simply  have  training  department  workers. 
They  arrange  for  workers  to  be  trained  off 
the  job.  They  find  out  what  training  certain 
workers  need  and  who  gives  it.  Then  they 
make  arrangements  so  the  training  can  be 
given  to  the  workers.  This  training  may  be 
by  public  or  private  schools  or  even  by 
other  companies.  Another  kind  of  training 
is  given  to  some  workers  on  the  job.  It  is 
done  by  brief  lectures,  demonstrations,  or 
closed  circuit  television.  Sometimes  workers 
are  coached  while  they  do  the  jobs  they 
were  hired  for.  Fig.  34-6. 


Fig.  34-6.  Most  management  and  many  technical  jobs 
need  people  with  advanced  training. 
College  degrees  are  often  needed. 
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There  will  be  greater  need  in  the  future 
for  further  education  and  training  for  all 
workers.  Even  people  with  advanced  gradu- 
ate training  in  a university  must  keep  up 
with  the  rapid  changes  in  manufacturing. 
Industrial  training  departments  must  see 
that  workers  get  new  knowledge  and  skills. 


Working 

The  conditions  under  which  employees 
work  are  set  by  rules.  When  a trade  union 
has  organized  the  workers  in  a plant,  these 
rules  are  arrived  at  through  a process 
known  as  collective  bargaining.  Workers, 
through  their  representatives,  are  then  able 
to  share  in  the  process  of  making  the  rules 
under  which  they  work.  When  no  union  is 
involved,  the  employer  usually  makes  all  the 
rules  by  himself. 

The  rules  under  which  employees  work 
usually  can  be  divided  into  three  groups : 

(1)  wages, 

(2)  hours,  and 

(3)  working  conditions  j 

Most  people  know  what  wages  and  hours  are. 
“Wages”  are  the  money  a worker  gets  for  his 
work.  “Hours”  refer  to  the  amount  of  time 
a worker  must  work.  Usually,  the  work  day 
is  eight  hours  long.  Thus  a worker  normally 
works  40  hours  a week  (5  days  x 8 hours) . 
If  an  employer  wants  a worker  to  work  more 
than  40  hours  in  one  week,  he  must  pay  him 
overtime. 

“Working  conditions”  are  not  as  generally 
well  understood  as  wages  and  hours.  This 
term  refers  to  all  of  the  fringe  benefits  (such 
as  vacation  with  pay,  retirement  programs, 
health  programs,  etc.)  which  workers  may 
have,  plus  such  things  as  coffee  breaks,  rest 
room  facilities,  lighting,  and  those  other 
things  which  relate  to  the  physical  conditions 
under  which  an  employee  works.  Figs.  34-7 
and  34-8.  Working  conditions  are  just  as 
important  as  wages  and  hours.  For  example, 
it  might  be  that  both  the  amount  of  money 
a job  pays  and  the  hours  of  work  are  above 
average.  But,  if  the  job  is  very  dangerous. 


many  people  might  not  want  to  work  at  that 
job.  Similarly,  if  the  working  conditions  are 
very  good,  workers  might  be  willing  to  ac- 
cept lower  wages  than  they  might  ordinarily 
demand.  Of  course,  workers  and  their  unions 
try  to  maximize  (get  as  much  of)  both  wages 
and  working  conditions  when  they  bargain 
with  their  employer,  but  often  they  are  not 
able  to  do  so  and  must  trade  some  advantage 
for  some  disadvantage. 


Fig.  34-7.  Personnel  departments  are  often  in  charge 
of  setting  up  and  maintaining  safe  working 
conditions.  Proper  equipment  must  be  given 
to  the  workers. 


Fig.  34-8.  Working  conditions  in  this  air  conditioned, 
dust-free  room  help  the  product  as  well  as 
the  workers. 


} 


Manufacturing  Personnel  Technology 


213 


Advancing  and  Retiring 

Advancement  techniques  change  the  jobs 
of  people  by  ‘promoting  them  (moving  them 
upward),  Fig.  34-9.  They  also  may  demote 
(move  downward)  people  who  do  not  do  their 
work  well.  Another  kind  of  advancement 
may  be  lateral  (along  the  present  job  level). 
People  may  wish  to  work  with  other  people 
or  in  other  departments.  It  could  be  an  ad- 
vancement to  move  to  a similar  job  in  an- 
other location. 

Retirement  may  be  thought  of  as  a special 
form  of  advancement,  a kind  of  permanent 
advancement  to  a nonworking  position.  Peo- 
ple who  retire  may  continue  to  receive  wages 
and  other  benefits.  Both  advancement  and 
retirement  techniques  are  important  to 
workers,  so  they  must  be  used  weli  if  work- 
ers are  going  to  benefit  from  them.  Fig. 
34-10. 


Fig.  34-9.  Production  workers  are  often  promoted  to 
positions  as  foremen  or  supervisors. 
Workers  look  forward  to  promotions  based 
on  good  work. 


Summary 

Industry  affects  ttie  lives  of  everyone  in 
many  ways.  Industrial  workers  are  directly 
influenced  by  industrial  personnel  technol- 
ogy. People  are  a very  important  resource. 
This  makes  the  techniques  which  are  used  to 
hire,  train,  work,  advance,  and  retire  them 
very  important.  Personnel  technology  helps 
to  get  an  efficient  work  force,  and  it  helps 
people  to  continue  working  efficiently. 

The  ability  of  machines  to  do  work  may  be 
predicted  very  accurately.  They  work  accord- 
ing to  their  designer’s  plan.  The  ability  of 
people  to  do  work  can  be  predicted  less  ac- 
curately. Even  if  it  is  known  what  they  can 
do,  they  may  not  do  it  if  they  are  unwilling. 
People  cannot  be  turned  on  and  off  like  ma- 
chines. With  good  personnel  techniques, 
people  will  work  better  and  with  greater 
personal  satisfaction. 


Fig.  34-10.  More  thought  is  given  to  retirement  than 
In  past  years.  A hobby  often  gives  a man 
..  physical  activity  as  well  as  a small  income. 
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Terms  to  Know 

surpluses 

industrial  workers 

personnel  technology 

practices 

hired 

trained 

worked 

recruitment 

applicant 

select 

inducted 

reject 

discriminate 

obsolete 

trade  union 

collective  bargaining 

wages 

advanced 

retired 

hiring  practices 


Think  About  It! 

1.  How  should  a worker  be  selected  for  a job 
if  there  are  several  qualified  applicants 
for  that  job? 

2.  What  are  the  rules  {regulations)  under 
which  your  father  works  at  his  job?  Are 
they  very  much  like  the  ones  you  have  in 
school? 


working  conditions 

advancement 

retirement 

planned 

organized 

controlled 

hiring 

a.  recruiting 

b.  selecting 

c.  inducting 
hours 
overtime 
fringe  benefits 
maximize 
promoting 
demote 
lateral 
qualified 
rules 

regulations 


Any  company’s  ability  to  operate  and 
grow  depends  on  the  people  it  hires  and 
trains.  Most  companies  have  systematic 
(planned)  programs  of  hiring  and  training. 
You  will  learn  about  hiring  and  training  in 
this  reading.  Reading  36  will  present  three 
other  phases  of  manufacturing  personnel 
technology:  working,  advancing,  and  retir- 
ing. 

Hiring  Practices 

The  duties  of  the  personnel  department 
are:  (1)  to  recruit  people  who  want  work, 

(2)  to  select  the  best  qualified  people,  and 

(3)  to  induct  them  into  the  work  force.  In 
large  companies  personnel  specialists  may 
work  at  these  jobs  full  time.  In  small  com- 
panies several  people  may  work  at  these 
jobs  in  addition  to  their  regular  jobs. 


Recruiting 

No  matter  how  large  or  small  the  person- 
nel staff  is,  recruiting  usually  starts  inside 
the  company.  Well  trained  people  may  have 
certain  jobs  but  may  wish  to  work  on  an- 
other job  that  is  now  open.  Openings  come 
about  by  promotion,  retirement,  or  by  people 
leaving  the  company  for  other  work. 

Companies  often  use  a system  of  job  post- 
ing. Openings  are  listed  on  bulletin  boards 
or  in  company  newspapers.  Fig.  35-1.  Work- 
ers who  are  interested  in  these  jobs  may  then 
apply  for  them. 

Any  opening  within  a company  often 
means  that  new  people  from  outside  the 
company  will  be  needed.  Employers  use  sev- 
eral sources.  These  include  public  and  pri- 
vate employment  agencies,  schools  (Fig.  35- 
2),  colleges  and  universities,  newspaper  ads. 


Fig.  35-1.  This  is  job  posting.  An  employment 

department  employee  lists  job  openings  on 
a bulletin  board. 


Fig.  35-2.  Employment  department  personnel 

sometimes  visit  schools  to  try  to  recruit 
workers. 
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or  other  firms  which  are  reducing  their  work 
force. 

Selecting 

The  first  contact  between  prospective 
(probable)  workers  and  companies  is 
through  an  application  form.  An  applicant 
(person  applying  for  a job)  should  complete 
this  form  as  carefully  and  accurately  as  he 
can.  How  well  he  does  this  makes  an  impor- 
tant first  impression. 

First,  employers  study  all  the  applications 
they  get.  There  will  be  some  applicants  who 
seem  to  have  some  of  the  basic  qualifications 
(training,  schooling,  and  experience)  for  the 
jobs.  These  applicants  may  be  asked  to  take 
a series  of  tests.  The  test  scores  are  used  to 
evaluate  (judge)  further  the  skills  and  back- 
ground of  the  applicant.  These  tests  measure 
simple  things  like  how  well  a person  can  use 


Fig.  35-3.  A complete  check  is  made  of  public 


records,  school  transcripts,  and  past 


his  hands  or  fingers.  Other  tests  tell  how 
mechanically  minded  an  applicant  is.  Spe- 
cial aptitude  (ability),  intelligence,  interest, 
and  many  other  personal  qualities  are  meas- 
ured through  such  tests. 

The  personal  interview  plays  the  most  im- 
portant part  in  selecting  the  right  person  for 
the  job.  Here  the  applicant’s  personal  ap- 
pearance, manners,  and  interest  enter  into 
the  final  selection.  After  this  interview,  each 
applicant  is  compared  with  others  who  are 
applying  for  the  job.  A further  check  is  made 
for  those  who  seem  to  be  the  best  ones  for 
the  job.  A complete  check  is  made  of  public 
records,  school  transcripts  (records),  and 
records  of  past  employment.  Fig.  35-3. 

The  final  step  in  selection  may  be  a com- 
plete physical  examination.  Fig.  35-4.  This 
may  be  done  by  the  company  if  it  has  its  own 
medical  facilities,  or  an  arrangement  is  made 
with  a doctor  outside  the  company.  Of  course, 
during  this  process  of  recruiting  and  select- 
ing, an  employer  must  make  certain  that  he 
does  not  discriminate  because  of  race,  color, 
national  origin,  sex,  or  religion.  If  he  does, 
he  is  guilty  of  violating  the  law. 


Fig.  35-4.  A complete  physical  examination  is  required 
by  many  companies  before  they  hire 
people. 


mployment  records  of  all  applicants  who 
lay  be  able  to  fill  a job  opening. 
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Inducting 

Hiring  includes  several  inducting  prac- 
tices. A formal  appointment  (notice  of  em- 
ployment) is  often  written.  For  some  top- 
level  management  jobs,  moving  costs  may  be 
reimbursed  (paid  back) . Personnel  records 
are  set  up  and  placed  on  file  in  the  personnel 
(employment)  office.  For  some  jobs,  records 
of  past  employment  are  sent  to  the  right  de- 
partments. 

When  the  worker  first  reports  for  work, 
there  are  formal  or  informal  work-orienta- 
tion (introduction)  sessions  for  him.  The 
supervisor  of  the  new  worker  tries  to  answer 
the  questions  he  may  have.  The  new  worker 
gets  this  help  until  he  feels  comfortable  and 
sure  on  his  job. 


Training  Practices 

The  earlier  education  and  training  of  the 
new  worker  give  him  the  basic  skills  he  needs 
to  start  work.  Without  basic  skills  a worker 
may  not  have  much  chance  to  get  the  job  in 


Fig.  35*5.  Sometimes  a supervisor  gives  on-the-job 
training  to  a new  employee. 


Hiring  and  Training 

the  first  place.  But  no  matter  how  good  or 
complete  his  schooling  or  experience  may 
have  b'^en,  there  are  bound  to  be  some 
things  he  did  not  learn  in  school  or  on  other 
jobs.  Different  employers  will  want  the  jobs 
done  in  different  ways. 

What  are  some  of  the  ways  that  companies 
train  people?  There  are  many.  You  will  learn 
about  a few  here. 

On-the-job  Training 

Most  of  the  training  done  in  industry  is 
on-the-job  training.  It  has  many  advantages. 
One  important  advantage  is  that  there  is 
only  one  new  worker  for  each  teacher.  Fig. 
35-6.  The  teacher,  or  supervisor,  can  give  all 
of  his  efforts  to  that  one  person.  Also,  the 
new  worker  has  to  learn  how  to  do  only  one 
kind  of  job.  All  his  effort  can  be  put  into 
learning  one  set  of  skills.  For  example,  if  the 
worker  is  to  learn  how  to  run  a certain  ma- 
chine, he  is  taught  on  that  machine.  Another 
advantage  is  that  he  learns  from  doing  real 
work.  He  is  actually  learning  to  do  what  he 
is  going  to  be  paid  to  do. 

There  are  two  disadvantages  to  this 
method.  First,  on-the-job  training  often  takes 
a lot  of  time.  The  teacher  is  usually  an  ex- 
perienced worker  who  knows  how  to  do  the 
job.  Industry  trains  him  to  teach.  But  often 
he  cannot  be  a full-time  teacher.  He  has  his 
own  work  to  do.  Lack  of  teacher  time  leads 
to  another  disadvantage.  Without  full-time 
help,  it  is  easy  for  the  worker  to  learn  the 
wrong  thing. 


Vestibule  Schools 

Large  companies  sometimes  set  up  a 
school  for  training  workers.  These  vestibule 
schools  are  not  in  the  production  area.  The 
new  workers  learn  on  a machine,  but  not 
one  used  in  production.  They  can  learn  more 
thoroughly  and  at  a slower  pace.  They  are 
well  trained  before  they  go  to  a production 
area.  Vestibule  schools  use  teachers  who 
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Fig.  35-6.  Apprentice  training  is  open  to  many  young 
qualified  individuals. 


have  been  specially  trained  for  industrial 
training  work.  Only  large  companies  can  do 
this  kind  of  training.  It  costs  a lot  to  buy 
machines  which  are  not  used  for  production. 


Apprenticeship 

The  oldest  kind  of  training  is  apprentice- 
ship. Apprentice  training  is  used  to  teach 
people  how  to  do  very  skilled  and  compli- 
cated work  such  as  toolmaking,  plumbing,  or 
electrical  work.  Fig.  35-6.  It  may  take  a 
period  of  about  four  years  to  learn  the  skills 
of  the  trade.  The  apprentice  spends  part  of 
his  time  in  on-the-job  training  and  part  of 
his  time  in  classrooms.  His  classroom  work 
includes  courses  in  industrial  mathematics 
and  science. 


Classroom  Training 

Classroom  training  in  industry  is  very 
much  like  classroom  teaching  in  your  school. 
People  who  know  a lot  about  a certain  field 
of  study  are  the  teachers.  The  students  are 


workers  who  must  master  a subject  so  that 
they  can  do  a job  well.  The  teacher  lectures, 
demonstrates,  leads  discussions,  and  shows 
motion  pictures  or  slides.  The  subject  may  be 
topics  like  new  automatic  installations  or 
laws  about  taxes  and  paying  bills. 

The  length  of  the  class  sessions  and  the 
course  depends  on  many  things.  It  will  differ 
from  company  to  company.  Since  the  workers 
are  away  from  their  jobs,  the  classes  are 
usually  not  held  for  long  periods  of  time.  The 
course  may  last  one  or  two  sessions,  or  it  may 
last  several  months. 


Cooperative  Training 

Cooperative  training  means  that  a college 
or  a school  will  work  with  a company  to 
educate  new  workers.  The  new  worker  goes 
to  school  full-time  for  a definite  period.  Then 
he  goes  back  to  work.  How  long  he  is  in 
school  depends  on  the  college  he  attends. 
Many  colleges  have  ten-week  periods. 

In  order  for  a cooperative  program  to 
work  best,  the  job  must  fit  the  education  and 
the  education  must  fit  the  job.  The  coopera- 
tive student  must  be  able  to  see  how  his  work 
fits  into  his  education.  Earning  money  is  not 
the  main  purpose  of  cooperative  education. 
The  worker  does  get  paid,  but  the  main  pur- 
pose of  this  plan  is  to  make  his  education 
give  more  meaning  to  his  work. 


Presupervisor,  Supervisor,  and 
Executive  Training 

People  have  to  learn  how  to  manage 
(direct)  the  work  of  other  people.  You  do 
not  wake  up  one  morning  and  find  that  you 
are  a good  leader.  Managing  other  people’s 
work  depends  on  skills  and  knowledge  which 
can  be  learned. 

Industry  spends  a great  deal  of  time  and 
money  training  people  how  to  lead  others. 
Sometimes  these  people  are  sent  to  universi- 
ties for  seminars  (research  and  study). 
They  may  attend  classes  inside  the  company. 


Hiring  and  Training 
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The  teachers  for  these  classes  may  come  pany  money,  but  it  is  an  investment  in  future 
from  inside  the  company  or  they  may  be  growth, 
university  professors. 

Workers  learning  to  be  supervisors  may 

take  courses  in  time  study,  work  methods,  

human  relations,  and  how  to  teach.  Those  tt*  • m • • 

learning  to  become  better  managers  study  Hiring  and  Training  In 

such  things  as  budget  control,  company  or-  Personnel  Technology 

ganization,  and  psychology.  L_ - 


Hiring  and  training  are  two  important  parts 
of  manufacturing  personnel  technology. 

The  main  jobs  of  hiring  are  recruiting, 
selecting,  and  inducting.  Training  may  be 
done  on  the  job,  in  special  classes,  or  in  out- 
side schools  or  colleges.  Workers  at  all  levels 
continue  their  education  and  training  while 
at  work.  Fig.  35-7.  Training  costs  the  com- 


- Apprenticeship  training 
-Classroom  training 


I 


Summary 


Involves 


People  are  an  important  resource  in  man- 
ufacturing. To  make  sure  of  growth,  person- 
nel departments  have  learned  to  use  efficient 
ways  of  hiring  and  training  new  workers. 


-On-the-job  training 
-Vestibule  school  training 


-Cooperative  training 
f Livianagement  training 
to  be  studied 


Retiring  J 


Fig.  35-7.  Managers  must  keep  up  with  new  events. 
No  one  ever  outgrows  his  need  for 
education. 
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Terms  to  Know 


systematic 

hiring 

training 

recruiting 

selecting 

inducting 

personnel  specialists 
openings 


appointment 
reimbursed 
personnel  office 
work-orientation 
basic  skills 
on-the-job  training 
vestibule  schools 
apprenticeship 


job  posting 

prospective 

applicant 

qualifications 

evaluate 

aptitude 

interview 

public  records 


school  transcripts 
discriminate 
classroom  training 
cooperative  training 
manage 
seminars 


Think  About  It! 

1.  Why  do  employers  want  to  look  at  your 
school  transcripts  and  records  of  your 
past  employment  when  they  are  thinking 
of  hiring  you? 

2.  Why  does  industry  spend  a great  deal  of 
time  and  money  training  people  to  be  su- 
pervisors and  executives  ? 


o rj 
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•■■Tr.y 


Working, 
Advancing 
and  Retiring 


Manufacturing  personnel  technology  is  the 
knowledge  used  by  industry  to  get  and  keep 
a work  force.  It  includes  five  main  steps. 
These  are: 

1.  Hiring, 

2.  Training, 

3.  Working, 

4.  Advancing,  and 

5.  Retiring. 

Hiring  and  training  were  studied  in  Read- 
ing 35.  You  will  learn  about  the  last  three 
steps  of  working,  advancing,  and  retiring  in 
this  reading. 


Working 

The  first  purpose  in  designing  a factory 
was  to  produce  goods.  Buildings  and  ma- 
chines were  all  that  the  factory  owner  used 
to  think  he  needed  to  set  up  a factory.  He 
thought  that  good  management  meant  get- 
ting the  most  labor  for  the  least  cost.  Even 
the  workers  never  thought  to  ask  for  im- 
provements or  comforts.  Competition  for 
jobs  was  great.  Thus,  workers  knew  that 
they  were  taking  risks  (chances)  when  they 
took  a job.  The  worst  working  conditions 
were  in  the  sweatshops.  These  were  uncom- 
fortable, dirty  rooms  in  which  people  worked 
long  hours  for  very  low  wages.  Almost  all 
employees,  including  women  and  children, 
worked  twelve  hours  a day  for  six  days  a 
week.  Disease  and  accidents  were  common. 
A worker  was  not  paid  when  he  was  not 
able  to  work. 

Conditions  were  so  bad  that  the  govern- 
ment finally  had  to  step  in.  Laws  were  passed 
regulating  the  employment  of  women  and 
children.  The  National  Labor  Relations  Act, 


Fig.  36-1.  Compared  to  present-day  standards,  early 
factories  were  poorly  lighted,  unsanitary, 
and  poorly  laid  out.  Improved  equipment, 
building  design,  and  management 
knowledge  have  been  applied  to  our  modern 
plants  to  improve  working  conditions.  The 
factory  shown  above,  however,  was 
considered  modern,  adequately  lighted,  and 
well-equipped  at  that  time  by 
governmental  standards. 
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which  became  a law  in  1935,  was  most  im- 
portant. This  law  forced  employers  to  bar- 
gain with  the  labor  unions  which  represented 
workers.  Once  employers  began  to  bargain 
with  unions,  many  changes  took  place  in  the 
plant.  Employers  agreed  to  better  physical 
conditions  in  which  to  work,  Fig.  36-2.  They 
also  agreed  to  such  things  as  rest  periods, 
coffee  breaks,  and  regular  lunch  periods, 
Fig.  36-3.  These  things  helped  to  raise  a 
worker’s  productivity  by  relaxing  and  rest- 
ing him  and  thus  helped  the  employer  as 
well. 

Of  course,  many  employers  did  these 
things  without  the  help  of  the  unions.  Thou- 
sands of  workers  in  manufacturing  are  not 
represented  by  unions.  Some  states,  such  as 
Texas,  have  right-to-work  laws.  An  em- 
ployee does  not  have  to  become  a member  of 
a labor  union,  even  if  the  union  bargains  for 
all  employees.  Other  state  and  federal  laws 
have  helped  to  improve  working  conditions. 
These  laws  affect  such  things  as  hours  of 
work,  overtime,  and  minimum  wages. 

One  of  the  most  important  things  that 
unions  bargained  for  was  a grievance  pro- 
cedure. This  procedure  is  designed  to  help 
solve  those  problems  that  arise  in  a modern 
industrial  plant.  When  a worker  has  a com- 
plaint or  grievance,  he  discusses  this  prob- 
lem with  a union  official  called  a shop 
steward.  This  official  has  been  chosen  by 
other  workers  to  represent  them  in  these  sit- 
uations. He  will  examine  the  grievance  and 
decide  if  it  is  legitimate  (reasonable).  In 
order  to  know  that,  he  must  understand  the 
contract  (agreement)  which  the  union  and 
the  employer  have  negotiated  (bargained 
for).  If  the  worker’s  complaint  is  reasonable, 
then  there  was  either  a misunderstanding  or 
a breaking  of  the  contract  by  the  employer. 

Usually,  the  shop  steward  will  try  to  re- 
solve the  grievance  by  discussing  it  with  the 
company  official  who  supervises  the  worker 
who  made  the  complaint.  If  no  solution  is 
found,  the  union  may  take  the  grievance  to 
higher  levels  in  the  procedure,  either  to  high- 
er company  officials  or,  finally,  to  an  arbitra- 
tor who  makes  a final  decision  in  the  case. 


Fig.  36-3.  Here  a worker  is  taking  a break  from 
his  job. 
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Thus,  the  grievauce  procedure  cau  be  out- 
lined  as  follows : 


1.  Grievance.  rn«»tiallv  to  work- 

2.  First  level  of  appeal  (usually 

ers’  supervisor.) 

8 Second/third  levels 

(to  higher  parties). 

4.  Arbitration  1 ^y^at  the  griev- 

It  is  j !g  early  in  the  procedure 

ancemaybe  se  e happens,  then 

as  the  second  step-  u 

further  appeals  ar  important  for 

The  grievance  that  the 

several  reasons.  misunderstood, 

contract  will  not  b a feeling  of 

Second,  it  gives  the  decisions  in  the 

helping  to  make  of  prob- 

plant.  Third,  a strike. 

Ims  to  be  solved  witho^ 

If  there  were  no  P.  aid  not 

ouly  thiug  workers  re- 

like  an  This  would  be  bad 

fuse  to  work,  or  strike,  in 

for  both  employers  Thus, 

would  lose  money  i helps  everyone. 

the  grievance  economic 

7°ae  wmkS  The  wlgo  is  payment 
rewards  to  the  wo  - unit-piece 

that  is  made  by  the  ^ ^ade  by  the 

of  work.  A salary  are 

“aid'in  mokeT.  lometimes  they  may 
usually  I»>d  ’^„,ter  might  get  free 

be  paid  in  goods.  ^ of  price)  on 

rent  or  a.  discount  { his  work, 

products  as  a P ^ stock  in  the 

He  for  In  addition  to  wages 

company  he  works  lo  fringe  bene- 

living  changes  in  benefits  a 

Some  of  the  mos  through  either 

worker  receives  com  ^ govem- 

Se^Srirwhich  he  lives.  When 

TrlttfL^iwes^^^ 

SVrtSrite  “states  government.  If  he 


1,  v,»  receives  Workmen's 
is  injured  at  ^ork,  becomes 

Comverisation  ® ’ unemployment  com^ 

unemployed,  he  ^e^ei  These 

pensation  until  he  fi  d^^  by 

may  be  paid  fo  , employer,  or 

rd"«^”^vCerttheem.^^^^ 


Advancing 

i.  rsVinnoes  for  advancement 

In  f “‘,ter  than  ever.  Ad- 

(moving  up)  are  g s^ygeg  is  neces- 

vancement  of  va  u control  the 

sary  to  expand,  ’ ^na  complexity 

production  ^^^Jn/.eturing  plants  are 
of  these  modern  ma,nui  trained 

increasing.  Compam_^  production  processes, 
people  to  manag  average  worker  to 

It  is  very  hard  for  “f;S%he  worker 
become  a manager  or  s however, 

may  be  very  8“"^  f ^-pg  he  needs  to  be- 
he  may  not  have  Therefore,  in 

t"ur;«ing  harder  for  the  average 

jobs  that  need  ^a  Jnagers  are 

skills.  Also,  _.^ent  ladder.  Many 

promoted  up  the  m g ^.anted  men  to  be 
workers  and  “n'o”®  J , smiority.  This 

promote  bemuse  of  e^«o  ^ 

means  that  the  longest  time  and 

ployed  in  the  plant  got  the 

who  has  the  most  P employers  can- 

promotion.  It  also  means  that  emp  y 

not  fire  or  transfer  older  worke^^^^^^^ 

these  older  '"’’^''“iXrTln  this  way  a 
^XwrhTworked  for  an  employer  a 

They  may  not  do  thei  3 ^ 

They  may  not  have  . ^ interest 

their  job.  They  W^”ot  h ^ 
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necessary  to  demote  them  ( often 
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do  not  like  to  demote  workers. 
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have  counseling  services  (talking  things 
over)  to  help  the  ^vorker  ^vith  personal  prob- 
lems that  may  be  bothering  him,  Fig.  36-4. 
They  may  also  have  retraining  'programs  to 
help  him  improve  his  skills.  Hov/ever,  some 
'workers  go  on  doing  their  jobs  so  poorly  that 
they  must  be  discharged  (fired). 

Workers  who  do  their  jobs  well  may  also 
be  laid  off  (temporarily  discharged).  This 
happens  in  seasonal  industries  such  as  the 
fruit-canning  industry.  It  also  happens  in 
industries  that  have  many  changes  in  the 
product,  such  as  automobile  manufacturing. 
These  workers  get  unemployment  insurance 
payments  until  they  find  another  job  or  are 
called  back  to  their  regular  job. 

Retiring 

Every  worker  must  retire  some  day,  so  he 
should  make  plans  for  his  retirement.  He 
usually  has  either  social  security  insurance 
or  a company  pension  plan  to  support  him 
and  his  family  after  retirement.  Fig.  36-6. 

Employers  usually  want  the  retiring 
worker  to  feel  worthwhile.  They  often  hold 
some  kind  of  a ceremony  to  reward  his  serv- 


Fig.  36-4.  An  employee  may  talk  with  management 
about  his  problems. 


ice  to  the  company.  A gift  such  as  a watch, 
may  be  given  to  him  at  a dinner  in  his  honor. 
Announcements  of  this  event  may  appear  in 
the  plant  and  local  newspapers.  All  this  is 
done  to  make  the  worker  glad  that  he  is 
getting  a well  deserved  rest.  Fig.  36-6. 


Fig.  36-5.  This  skilled  machinist  will  retire  this  year. 

He  has  a retirement  plan  with  his  company 
that  will  give  him  and  his  family  retirement 
payments,  medical  care,  and  insurance. 


Fig.  36-6.  After  they  retire,  people  have  more  time 
to  spend  on  their  favorite  hobby  or  sport. 
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A worker  may  continue  to  be  paid  after  he 
retires.  Retirement  payments  may  be  made 
to  him  regularly.  They  are  often  made  to  his 
family  after  his  death.  Certain  fringe  bene- 
fits such  as  insurance  and  medical  care  are 
also  given  to  him  and  his  family.  Sometimes 
a retired  worker  does  not  feel  ready  to  take 
it  easy.  He  may  go  on  working  part-time. 
Usually,  he  can  go  on  collecting  his  retire- 
ment benefits  if  he  works  part-time  after 
retiring. 

Summary 

Working,  advancing,  and  retiring  all  help 
to  get  efficient  workers  for  manufacturers. 
Ways  to  carry  out  these  activities  must  work 
well  for  both  labor  and  management.  There 
are  problems,  however,  for  both  labor  and 
management.  Labor  knows  what  it  wants 
and  needs.  Management  knows  what  is  pos- 
sible and  how  it  may  be  put  into  practice. 
So  there  must  be  close  cooperation  between 
labor  and  management  in  personnel  tech- 
nology. 


Terms  to  Know 

working 

advancing 

retiring 

competition 

risks 

sweatshops 
National  Labor 
Relations  Act 
bargain 
right-to-work 
law 

grievance 

procedure 

rent 

discount 

stock 

fringe  benefits 
Social  Security 
Workmen’s 
Compensation 
unemployment 
compensation 
advancement 
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grievance 

shop  steward 

legitimate 

contract 

negotiated 

arbitrator 

strike 

wage 

salary 

promoted 

seniority 

motivation 

demote 

counseling  services 

retraining  programs 

discharged 

laid  off 

seasonal 

unemployment  insurance 
payments 

social  security  insurance 
pension  plan 


Working,  Advancing,  and  Retiring 
In  Personnel  Technology 
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- Providing  economic  rewards 

- Providing  physical  setting 
-Providing social  environment 


Promoting 

Demoting 

■Discharging 


■Counseling 

•Preretirement  job  engineering 
■Recognizing  service 
Awarding  retirement  benefits 


Think  About  It  I 

1.  Why  do  you  think  the  sweatshop  condi- 
tions described  in  this  reading  are  no 
longer  true  in  industry  today  ? 

2.  Why  do  rest  periods  and  coffee-breaks 
make  v/orkers  do  better  on  their  jobs? 
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People  used  to  think  that  each  worker  had 
the  right  of  freedom  of  contract.  He  could 
agree  to  work  for  an  employer  under  certain 
conditions,  or  he  could  refuse  to  do  so.  He 
could  quit  a job  and  take  another.  He  could 
make  high  wages  if  he  could  do  a job  better 
than  other  workers.  For  most  workers  these 
freedoms  did  not  really  exist.  If  there  were 
very  few  jobs  he  could  get,  a worker  often 
had  to  take  a job  with  poor  working  condi- 
tions or  keep  one  he  did  not  like.  If  there 
were  many  workers,  then  he  had  to  taka  low 
wages  or  be  replaced  by  someone  else.  So, 
groups  of  workers  organized  to  protect  the 
fresdoms  and  rights  of  the  individual  work- 
er. These  organizations  are  called  unions. 


AGREEMENT 

BETWEEN 

The 

Pioneer  Rubber 
Company 

WiIIard»  Ohio 


AND 


Local  Union 
No.  804 

United  Rubber,  Cork 
Linoleum  A Plastic 
Workers  of  America 

July  1,  1970 


Fig.  37-1.  This  book  contains  the  agreement 

(contract)  negotiated  by  a union  and  a 
company  involved. 


Organized  Labor 
and  Collective 
Bargaining 


Most  industrial  workers  do  not  belong  to  a 
union.  Union  members  now  make  up  about 
one-third  of  all  industrial  workers  and  one- 
fourth  of  the  total  working  force  in  America. 

In  those  companies  where  unions  do  exist, 
unions  and  employers  negotiate  (talk  over 
and  exchange  ideas)  to  reach  agreements 
{contracts).  Contracts  set  up  wage  rates, 
working  conditions,  and  other  benefits. 
Agreements  or  contracts  usually  cover  a 
period  of  time  from  one  to  three  years.  Figs. 
37-1  to  37-6. 


Fig.  37-2.  The  first  part  of  an  agreement  states  the 
limits  of  the  contract. 
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Fig.  37-3.  After  the  introduction,  the  various  areas 
agreed  on  in  the  contract  are  listed. 


History  of  Organized  Labor 

Labor  unions  began  to  develop  in  the 
United  States  shortly  after  the  Revolution- 
ary War.  The  first  such  organization  was 
formed  in  1792  by  shoemakers  in  Philadel- 
phia. In  1794,  New  York  City  printers 
organized  a permanent  “Typographical  So- 
ciety.” In  1827,  fifteen  such  locals  joined 
together  to  form  the  Philadelphia  Mechanics 
Union  of  Trade  Associations.  This  was  the 
first  time  that  union  locals  involved  in  differ- 
ent trades  joined  to  make  a city  central  body 
such  as  we  have  today.  In  1834,  delegates 
from  all  of  the  city  federations  met  in  New 
York  City  to  form  a national  federation  simi- 
lar to  the  AFL-CIO  of  today.  They  called 
their  first  national  organization  the  National 
Trades  Union. 

About  this  time,  local  unions  from  the 
same  trade  began  to  develop  national  organi- 
zations. The  first  of  these,  the  National 
Typographical  Society,  an  organization  of 
printers,  was  organized  in  1835.  Although  it 
soon  went  out  of  existence,  it  was  reorgan- 
ized in  1852  and  still  exists  today. 


Fig.  37-4.  Wage  Appendix  A lists  the  hourly  rate  of 
the  lowest  paid  workers  covered  by  the 
contract. 


After  the  Civil  War,  the  first  great  federa- 
tion of  unions  was  organized.  The  Knights  of 
Labor  began  in  1869  in  Philadelphia  when  a 
few  garment  workers  organized  a local.  At 
the  height  of  its  power,  in  1886,  it  had  a 
membership  of  over  700,000.  The  Knights 
believed  in  arbitration  instead  of  strikes,  in  a 
shorter  work  day,  in  producer  and  consumer 
cooperatives,  and  in  the  organization  of  all 
workers  into  one  big  union. 

At  the  same  time  the  Knights  were  grow- 
ing, the  national  trade  unions  were  growing 
also.  These  organizations  believed  that  only 
workers  in  the  same  trade  should  belong  to 
the  same  organization.  This  is  called  craft 
unionism.  According  to  this  belief,  all 
printers  would  be  in  one  national  union 
(made  up  of  many  locals  in  different  cities) , 
all  shoemakers  would  be  in  another  union,  all 
carpenters  in  another,  and  so  on.  The  leaders 
of  these  unions  did  not  believe  that  all 
workers  should  be  in  one  organization.  So, 


Fig.  37-5.  As  employees  work  their  way  up  to  skilled  jobs,  they  earn  more  money. 
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in  order  to  oppose  the  beliefs  of  the  Knights 
of  Labor,  these  national  unions  formed  the 
American  Federation  of  Labor  (AFL)  in 
1886. 

At  the  time  when  the  AFL  was  formed, 
much  of  the  work  performed  in  America  was 
of  a craft  nature.  Although  the  first  factory 
had  been  in  existence  for  many  years,  it  was 
not  until  after  the  Civil  War  that  the  great 
industrial  plants  began  to  develop.  Even 
when  they  did,  the  idea  of  separate  crafts 
had  been  part  of  American  labor’s  beliefs  for 
such  a long  time  that  it  was  hard  to  change. 
Even  though  methods  of  production  changed 
so  that  more  and  more  work  was  done  by 
unskilled  factory  workers  instead  of  skilled 
craftsmen,  many  unions  failed  to  change 
their  ideas  about  organization.  It  was  not 
until  the  depression  of  the  1930’s  that  the 


first  industrial  unions  were  formed.  In  these 
unions,  workers  who  worked  in  the  same  in- 
dustry (such  as  steel  manufacturing,  auto 
manufacturing,  etc.)  would  belong  to  the 
same  national  union  made  up  of  many  locals. 
In  1936,  these  industrial  unions  formed  the 
Congress  of  Industrial  Organizations  (CIO). 
In  1954,  these  two  great  federations  merged 
to  form  the  American  Federation  of  Labor- 
Congress  of  Industrial  Organizations  (AFL- 
CIO).  Since  that  time  several  national 
unions,  such  as  the  Teamsters,  the  United 
Mineworkers,  and  the  United  Automobile 
Workers  (UAW)  have  left  the  AFL-CIO.  In 
1969,  the  Teamsters  and  the  UAW  formed 
the  Alliance  for  Labor  Action  (ALA). 

These  federations  of  national  unions  are 
organized  to  help  labor  conduct  political  and 
educational  activity.  Each  major  city  has  a 
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Fig.  37-6.  Most  contracts  spell  out  how  a grievance 
will  be  handled. 


local  AFL-CIO  Central  Body.  All  of  the 
locals  of  the  national  unions  in  the  AFL-CIO 
in  each  city  belong  to  the  local  central  body. 
Also,  each  state  has  a state  AFL-CIO  made 
up  of  all  of  the  local  central  bodies  in  the 
state.  These  local  and  state  federations  en- 
dorse political  candidates,  conduct  education 
programs,  publish  newspapers,  and  conduct 


other  activities  of  a political  and  educational 
nature.  This  is  only  part  of  the  work  that 
unions  do,  however.  Much  union  work  is  con- 
ducted by  the  national  unions  themselves 
when  they  enter  into  collective  bargaining 
with  the  employers  in  their  industry  or  craft. 


Collective  Bargaining 

Although  collective  bargaining  began  in 
the  late  19th  century,  it  was  not  until  1936, 
when  Congress  passed  the  National  Labor 
Relations  Act  {Wagner  Act),  that  it  became 
a reality  for  great  masses  of  workers.  In 
passing  this  law.  Congress  realized  that 
great  harm  is  done  to  the  economy  when 
employers  refuse  to  recognize  a union  as 
the  representative  of  their  workers.  Many 
strikes  or  work  stoppages  resulted  from  this 
refusal  and  in  a period  of  economic  depres- 
sion, such  as  the  1930's,  these  strikes 
worked  even  more  economic  hardship  than 
they  would  today.  Therefore,  the  Wagner 
Act  made  it  illegal  for  an  employer  to  refuse 
to  bargain  with  a union  representing  his 
workers. 

Before  the  Wagner  Act  was  passed,  em- 
ployers did  many  things  to  keep  from  recog- 
nizing unions.  Sometimes  they  would  get 
injunctions  against  workers,  forbidding  them 
to  picket  or  march  in  protest  against  an 
employer’s  refusal  to  recognize  a union. 
Sometimes  they  would  hire  other  workers, 
called  scabs,  to  replace  striking  workers. 
Other  times  they  would  make  workers  sign 
yellow-dog  contracts  in  which  a worker 
would  promise  that  he  would  not  join  a union 
in  return  for  a job.  Employers  used  detec- 
tives as  spies  to  report  what  the  workers 
were  doing.  As  scon  as  employers  had  to 
recognize  unions,  however,  most  of  these 
practices  disappeared. 

During  this  period,  the  employers  said 
that  they  would  talk  with  individual  workers 
about  their  problems,  but  that  they  would 
not  talk  to  outsiders  (a  union)  concerning 
these  problems.  The  workers  said  that  one 
man  alone  was  not  strong  enough  to  win  any 
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arguments  with  an  employer  and  that  only 
through  joining  into  a union  could  they 
achieve  their  goals.  Congress  recognized  the 
truth  in  the  workers’  belief  when  they  passed 
the  Wagner  Act. 

Once  an  employer  has  recognized  a union 
as  the  representative  of  the  workers,  men 
from  both  sides  enter  into  collective  bargain- 
ing or  talks  in  an  attempt  to  negotiate  a 
contract,  Fig.  37-7.  This  means  that  repre- 
sentatives from  both  sides  sit  down  together 
and  listen  to  each  other’s  ideas  about  how  a 
plant  should  be  run.  They  may  talk  about 
how  much  money  workers  should  get,  how 
long  they  should  work,  what  kind  of  safety 
equipment  the  company  should  provide,  and 
any  other  item  that  deals  with  wages,  hours, 
or  working  conditions  in  the  plant.  Some- 
times unions  say  that  the  employer  should 
bargain  about  a particular  subject  and  the 
employer  does  not  agree  and  refuses  to  talk 
about  it.  If  the  union  really  believes  that  this 
subject  is  important,  it  can  appeal  to  the 
National  Labor  Relations  Board  in  Wash- 
ington. This  Board  decides  all  of  the  ques- 
tions concerning  the  relationships  between 
an  employer,  his  workers,  and  the  union 
which  represents  those  workers. 

If  the  employer  and  the  union  cannot  reach 
agreement  about  the  contract  after  they  have 
honestly  tried  to,  the  workers  may  hold  a 
meeting  and  conduct  a strike  vote.  If  the 
workers  are  not  willing  to  accept  the  con- 


tract that  the  employer  offers,  they  may  re- 
fuse to  work  until  they  are  satisfied.  Before 
the  workers  refuse,  however,  they  take  a vote 
and  the  majority  decides  whether  or  not 
they  will  strike. 

Instead  of  striking,  unions  and  workers 
may  make  use  of  mediation  services.  Here,  a 
mediator  meets  with  representatives  from 
both  parties  and  tries  to  help  them  reach  a 
solution.  His  suggestions  are  not  binding  on 
either  party  but,  since  he  is  neutral,  each 
side  will  take  his  advice  in  many  cases.  How- 
ever, if  they  still  do  not  agree,  a strike  will 
result. 

When  workers  strike,  they  are  fighting 
their  employer  economicaliy.  That  is,  they 
believe  that  if  their  employer  is  stopped 
from  doing  business,  he  will  agree  to  their 
terms.  In  the  same  way,  the  employer  be- 
lieves that  if  the  workers  are  forced  to  go 
without  wages  they  will  agree  to  his  terms. 
Many  times,  after  a strike,  the  agreement 
reached  is  somewhere  between  the  offers  the 
employer  and  the  union  made.  Thus,  each 
gains  and  each  loses  from  the  strike. 


Summary 

Most  workers  in  manufacturing  do  not 
belong  to  a labor  union.  Union  members  now 
make  up  about  one-third  of  all  industrial 


Fig.  37-7.  Management  and  union  representatives 
discuss  their  labor  problems. 


Fig. •37-8.  Job  standards  on  assembly  lines  are  o.Ffen 
negotiated  by  management  and  tl^^nion. 
This  assembly  line  is  producing  dishwashers. 
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workers  and  one-fourth  of  the  total  work- 
ing force  in  America.  In  some  states,  union 
membership  is  far  below  the  national  aver- 
age. Many  workers  have  organized  into 
groups  called  labor  unions.  These  unions 
sometimes  use  strikes  to  achieve  workers’ 
demands.  However,  they  know  that  collec- 
tive bargaining  is  less  costly  to  both  labor 
and  management.  Often,  labor  and  manage- 
ment work  together  to  avoid  strikes  com- 
pletely, Fig.  37-8.  In  so  doing,  they  go 
through  a series  of  steps  which  will  finally 
produce  a settlement.  These  steps  are: 

1.  Union  Proposal 

2.  Management  Counterproposal 

3.  Negotiations 

4.  Conciliation/Mediation 

6.  Strike 

It  is  important  to  remember  that  a settlement 
may  be  reached  as  early  as  Step  3 (Nego- 
tiations). If  it  is,  a strike  is  unnecessary. 
Also,  even  when  workers  strike,  they  con- 
tinue to  negotiate  for  a settlement.  The  strike 
is  used  to  pressure  the  employer  into  agree- 
ing to  the  union’s  proposals. 


Usual  Steps  of 
Collective  Bargaining 


I 


Initial  Talks 

I 

Conciliation 


X 

Mediation 


Compulsory 

Arbitration 


Terms  to  Know 

freedom  of  contract 

unions 

negotiate 

agreements 

contracts 

locals 

city  central  body 
national  federation 
AFL-CIO 

The  Knights  of  Labor 
arbitration 
strikes 
cooperatives 
craft  unionism 
American  Federation 
of  Labor  (AFL) 
unskilled 
skilled 

industrial  unions 
Congress  of  Industrial 
Organizations  (CIO) 
AFL-CIO 
Teamsters 
United  Mineworkers 
United  Automobile 
Workers  (UAW) 


Alliance  for  Labor 
Action  (ALA) 
AFL-CIO  Central 
Body 

state  AFL-CIO 
collective  bargaining 

a.  union  proposal 

b.  management 
counter- 
proposal 

c.  negotiations 

d.  conciliation/ 
mediation 

e.  strike 
National  Labor 

Relations  Act 
(Wagner  Act) 
injunctions 
picket 
scabs 

yellow-dog  contracts 
negotiate  a contract 
National  Labor 
Relations  Board 
strike  vote 
mediation 
neutral 


Think  About  It! 


1.  If  both  labor  and  management  know  that 
strikes  and  long  disputes  are  costly  to 
both  sides,  why  do  you  think  that  strikes 
and  long  disputes  still  happen? 

2.  Explain  what  is  meant  by  collective  bar- 
gaining, and  list  three  factors  that  may 
be  involved  in  bargaining. 
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All  raw  materials  used  in  manufacturing 
come  from  nature  in  one  form  or  another. 
Before  these  materials  can  be  used,  they 
must  be  taken  from  their  natural  state  in 
the  air,  earth,  or  water.  In  this  reading,  you 
will  learn  about  ways  of  getting  reproduci- 
ble raw  materials. 

Source — Plants  and  Animals 

Reproducible  raw  materials  come  from 
plants  and  animals.  Man  has  used  plants 
and  animals  since  the  earliest  time.  Man 
must  have  food,  clothes,  and  shelter  for  him- 
self and  his  family.  All  the  time  available  to 
all  the  people  can  be  thought  of  as  a kind  of 
resource.  Only  the  time  left  over  after  get- 
ting food,  clothes,  and  shelter  can  be  spent 
doing  other  things. 


Securing 
Reproducible 
Raw  Materials 


Machines  are  a product  of  industrial  tech- 
nology. They  have  given  more  time  to  people, 
as  a group.  Also,  fewer  people  are  needed  to 
raise  plants  and  animals,  so  more  people  can 
work  in  industry.  Each  farm  worker  supplied 
ten  people  with  food  and  clothing  in  1930.  In 
1970,  each  farm  worker  supplied  46  people. 

Some  plants  and  animals  are  found  in  a 
wild  state.  Others  are  raised  by  ranchers, 
farmers,  gardeners,  and  orchardists.  The 
lumbering  industry  raises  and  cuts  down 
trees,  either  from  a forest  or  from  tree 
farms.  Fig.  38-1.  The  fishing  industry  gets 
fish  and  other  marine  life  from  the  oceans, 
rivers,  and  lakes.  Hunters  and  trappers  hunt 
wild  animals  for  hides,  fur,  and  meat.  Fig. 
38-2. 


Need  for  Conservation 


Fig.  38-1.  A tree  cutter  completes  an  undercut  on  an 
ook  tree  in  a forest  in  the  northwestern 
United  States. 


Every  living  thing  has  basic  needs.  These 
needs  are  water,  food,  the  right  tempera- 


Fig.  38-2.  These  fur  buyers  are  looking  over  fur  pelts 
from  fox^  mink^  squirrel,  muskrat,  and 
Persian  lamb. 
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ture,  and  protection  from  natural  enemies. 
All  the  needs  of  a plant  or  animal  are  met 
by  its  natural  environment  (surroundings). 
Forest  fires,  soil  erosion  (wearing  away), 
and  water  pollution  (making  dirty  or  im- 
pure) destroy  the  natural  environment  for 
thousands  of  species  (kinds)  of  living  things. 
These  natural  and  man-made  forces  take 
away  large  amounts  of  plant  and  animal  life 
every  year. 


Fig.  38-3.  This  field  of  cotton  is  ready  to  be 

harvested.  The  crop  is  ripe  and  at  its  best. 


Fig.  38-4.  A loader  tractor  is  loading  cut  timber  onto 
a truck.  It  will  then  be  moved  to  the 
storage  area  at  a processing  plant. 


It  takes  a long  time  to  get  rid  of  poisons  in 
lakes  and  rivers.  Nature  cannot  grow  a new 
forest  in  a man’s  lifetime.  Lost  topsoil  can- 
not be  completely  replaced.  So,  men  must 
conserve  (protect)  nature’s  resources  of 
land  and  water.  They  must  also  conserve 
enough  parent  stock  so  that  every  useful 
species  of  plant  and  animal  will  be  repro- 
duced for  future  use.  Farmers,  ranchers, 
hunters,  fishermen,  and  loggers  all  must  try 
to  stop  the  loss  of  forests,  soil,  and  wildlife 
which  could  never  be  replaced.  Programs  of 
reforestation  (replanting)  and  other  con- 
servation programs  are  very  important. 

Harvesting  must  be  done  during  the  season 
when  a crop  is  ripe.  Fig.  38-3.  But  it  must 
always  be  done  in  ways  to  conserve  the  en- 
vironment and  the  parent  plants.  If  not, 
there  will  be  no  crops  during  the  next  grow- 
ing season. 


Securing  Crops 

Harvesting  is  the  process  of  collecting 
whole  plants  or  plant  parts  for  some  use. 
Farmers  raise  and  harvest  many  different 
plants  for  food  and  fiber  for  clothing.  Many 
grains  are  harvested  for  their  seeds:  for 
example,  wheat,  corn,  and  rice.  The  rest  of 
the  plant  is  either  returned  to  the  soil  or 
made  into  animal  feed  and  other  products. 
Vegetables  are  harvested  for  their  roots 
(carrots),  leaves  (lettuce),  or  flower  (cauli- 
flower). Other  vegetables  are  harvested  for 
their  tubers  (potatoes),  stems  (rhubarb),  or 
oil  (mint) . Sugar  maple  and  rubber  trees  are 
tapped  for  their  sap.  Fruit  is  picked  from 
trees,  vines,  and  bushes. 

Migrant  workers  follow  the  harvest  season 
from  south  to  north.  They  pick  fruits  and 
vegetables  by  hand.  Crops  are  cut  by  ma- 
chines operated  by  farmers. 

The  actual  process  of  harvesting  includes 
cutting,  digging,  picking,  peeling,  or  tap- 
ping. Men  usually  want  to  get  the  crop  at  its 
best.  The  harvested  crop  must  be  moved  to 
market,  to  storage,  or  to  a processing  (pre- 
paring) plant,  Figs.  38-4  and  38-5.  The 
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buyer  wants  the  crop  to  be  uniform  (all  the 
same  quality),  attractive,  healthy  and 
cheap. 


Fig.  38-5.  Here  ripe  cocoa  pods  ore  reody  to  be 

tronsported  to  where  cocoo  breokers  will 
open  them  and  remove  the  beons. 


Fig.  38-6.  Mochines  such  as  combine  horvesters 

lessen  the  work  of  man  in  horvesting  wheat. 


One  large  manufacturing  company  con- 
tracts with  farmers  to  produce  green  peas. 
Its  heldmen  oversee  planting,  fertilizing 
(improving  the  soil),  and  spraying  (against 
disease  and  insects).  At  harvest  time,  the 
company’s  crews  bring  harvesting  machines 
and  trucks  to  a farm.  The  crews  work  fa/it 
since  the  peas  must  be  canned  within  four 
hours  after  picking.  Some  of  the  farms  may 
be  75  miles  from  the  cannery. 

Much  progress  has  been  made  in  the  de- 
sign and  manufacture  of  special  harvest 
machines.  This  has  cut  the  cost  of  harvesting 
and  ended  some  of  the  hardest  work.  Imagine 
a machine  which  picks  only  the  ripe  straw- 
berries! Compare  the  hand  sickle  with  to- 
day’s one-man  combine  harvester.  Fig.  38-6. 
Some  combine  harvesters  have  operators’ 
cabs  with  air  conditioning,  tinted  glass,  and 
two-way  radios. 

Harvesting  takes  place  at  the  end  of  the 
growing  season  for  many  crops.  This  de- 
pends on  the  crop,  the  climate,  and  local 
weather.  Some  plants  grow  more  than  one 
crop  during  the  growing  season.  Growing 
seasons  differ  in  length  in  different  parts  of 
the  country.  Local  weather  sometimes  de- 
lays planting  time  which,  in  turn,  shortens 
the  growing  season. 

The  quality  of  a growing  crop  depends  on 
local  weather  conditions  and  on  what  the 
farmer  does.  Harvesting  should  be  done  so 
that  the  crop  reaches  the  processing  plant  at 
its  best  quality.  Peaches  and  pears  need  dif- 
ferent methods  than  wheat  and  cotton.  All 
crops  need  the  best  of  care. 


Securing  Livestock  Products 

Livestock,  dairy  products,  and  poultry  are 
important  sources  of  food  and  other  raw 
materials.  Protein  from  animals  is  important 
to  human  diets.  Leather  and  wool  are  better 
than  synthetic  (man-made)  materials  for 
many  uses. 

Milk  is  the  raw  material  of  the  dairy  farm. 
Fig.  38-7.  In  America  most  milk  comes  from 
cattle.  Milk  is  a healthful  drink.  It  is  also 
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used  to  make  cheese,  butter,  and  ice  cream. 
A dairy  cow  is  killed  for  meat  only  when  it 
no  longer  produces  milk.  Young  male  calves 
are  fed  for  several  weeks  or  months.  Then 
they  are  slaughtered  (killed)  as  veal  calves 
or  fattened  steers.  Only  a few  select  bulls 
are  kept  for  breeding  purposes. 

Dairy  farmers  milk  their  cows  in  very 
clean  barns.  The  milk  is  stored  in  refrig- 
erated tanks.  Refrigerated  tank  trucks  bring 
the  milk  to  the  processing  plants.  Sanitary 
(clean)  conditions  are  very  important  on 
dairy  farms.  Inspectors  check  each  farm 
regularly.  Milk  samples  are  checked  by  tech- 
nicians at  the  processing  plant.  Cows  are 
tested  and  vaccinated  regularly  by  veterinar- 
ians (animal  doctors). 

Beef  cattle  are  bred  to  produce  meat.  They 
are  specially  fed  to  get  the  best  quality  of 
meat.  The  same  is  true  for  swine  and  sheep. 
Wool  from  sheep  also  gives  fiber  for  cloth. 
Fig.  38-8.  , 

Ranchers  keep  foundation  herds  of  their 
best  beef  cattle,  sheep,  or  swine.  Foundation 
herds  are  made  up  of  the  better  females  and 
the  best  males  for  the  purpose  of  improving 
the  offspring  (young  animals) . The  best  off- 
spring are  used  to  replace  animals  in  the 
herd.  Others  are  fattened  and  killed.  Ranch- 


Fig. 38-7.  Milk  from  cows  is  the  row  moteriol  for  o 
great  many  food  products. 


ers  and  feedlot  operators  may  sell  their 
fattened  livestock  directly  to  packing  plants, 
at  livestock  auction  markets,  or  to  buyers  on 
the  ranch,  Fig.  38-9.  They  decide  to  sell  when 


Fig.  38-8.  Sheep  are  raised  mainly  for  the  wool  they 
produce  each  year. 


Fig.  38-9.  Many  feedlot  operators  raise  thousonds  of 
head  cf  cattle  at  one  time. 
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they  think  the  livestock  will  bring  the  best 
price.  The  livestock  buyer  will  give  a priw 
which  he  hopes  will  make  a profit  for  his 
company. 

Once  bought,  animals  are  slaughtered  and 
processed  in  a packing  plant.  Slaughtering 
is  the  process  of  killing  and  dressing  ani- 
mals. In  the  packing  plant,  animals  are 
stunned  so  that  death  will  be  painless.  Most 
states  say  that  the  flesh  and  organs  must  be 
inspected  for  disease.  The  hides,  hoofs,  and 
some  other  parts  are  separated.  The  car- 
casses (bodies)  may  be  sent  to  butcher 
shops.  They  may  also  be  processed  in  the 
packing  plants  for  retail  food  markets. 
Butchering  is  the  process  of  cutting  the  car- 
cass into  parts,  ^me  pork  meat  is  cured 
(by  smoking  or  other  processes)  to  make 
hams  and  bacon. 

Nearly  every  part  of  the  animal  is  used. 
Packing-plant  workers  say,  "We  save  every- 
thing but  the  squeal."  By-products  include 
leather,  bristles,  fertilizer,  pet  food,  sausage 
casings,  and  gelatin. 

Some  poultrymen  manage  as  many  as 
100,000  laying  hens.  The  hens  are  often  kept 
in  cages  where  they  are  fed  and  watered 
automatically.  Eggs  are  gathered  daily, 
often  by  automatic  conveyers.  The  eggs  are 
cleaned,  candled  (tested  for  freshness), 
weighed,  graded,  and  rushed  into  cold  stor- 
age or  to  retail  food  markets.  Many  eggs  go 
into  by-products  such  as  noodles. 

Most  rooster  chicks  are  raised  only  until 
they  are  large  enough  to  serve  man’s  food 
needs.  Like  hens,  they  are  often  kept  in 
large  numbers.  They  are  kept  in  separate 
cages  and  fed  scientifically  prepared  feed 
mixtures. 


Securing  Fish  and  Marine  Life 

Getting  fish  and  marine  (sea)  life  includes 
seeking,  catching,  netting,  trapping,  or  gath- 
ering. Some  scientists  think  that  marine  life 
will  be  a major  source  of  human  food  as  the 
world  population  grows. 


Commercial  fishermen  work  from  boats 
specially  equipped  to  catch  and  handle  fish 
and  marine  life.  For  example,  salmon  are 
\ught  in  Alaskan  waters  by  trolling.  A troll 
boat  is  equipped  with  poles,  lines,  and  gur- 
dies.  A gurdy  is  a power  reel  for  pulling  in 
lines  or  nets.  The  fish  are  caught,  dressed, 
iced,  and  taken  to  canneries  or  shipping 
points. 

Other  salmon,  on  their  way  to  spawn 
(deposit  eggs)  in  rivers  and  streams,  are 
caught  by  seine  fishermen.  Fig.  38-10.  A 
seine  is  a large  net.  Some  salmon  fishing 
practices  hav<^  been  stopped  because  very 
few  salmon  were  reaching  the  spawning  beds 
to  lay  their  eggs.  The  parent  stock  had  to  be 
conserved  so  that  the  species  would  be  re- 
produced. 

Other  kinds  of  fish  are  caught  by  other 
methods.  Sometimes  larger  boats,  bigger 
crews,  longer  stays  at  sea,  long  hunts,  and 
processing  on  board  are  necessary.  Commer- 
cial fishing  can  be  exciting,  dangerous,  and 
profitable.  It  can  also  be  slow,  boring,  and 
disappointing.  Modern  fishing  boats  are 
equipped  with  two-way  radios,  radar,  and 
deptti  finders. 


Fig.  38-10.  Purse  seining  is  one  method  of  catching 
salmon. 
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Some  marine  life  is  gathered  or  trapped  in 
beds  on  the  ocean  floors,  Fig.  38-11.  Oysters 
are  gath.^red,  and  crabs  are  trapped.  Some 
are  processed  for  canning  or  freezing.  Others 
are  shipped  fresh,  by  air  freight,  to  markets 
on  land. 


Summary 

Reproducible  raw  materials  are  gotten  by 
many  processes,  Fig.  38-12.  These  processes 
tal  3 plants  or  animals  from  land  or  sea  for 


Fi^l.  38-11.  These  two  fishermen  ure  gathering  oysters 
from  beds  on  the  bottom  of  the  ocean. 


Fig.  38-12.  Bacteria  are  raised  and  harvested  for 
drug  manufacturers 
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human  use.  A crop  is  processed  by  methods 
which  best  fit  the  nature  of  the  plant  or 
animal.  For  the  best  quality  food  products, 
harvesting  must  be  done  quickly  at  the  time 
when  the  plants  are  ready.  In  order  to  har- 
vest reproducible  raw  materials,  the  parent 
stock  and  the  soil  or  water  which  gives  life 
must  be  conserved. 


Reproducible  Raw  Materials 
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Are  obtained  from 


Terms  to  Know 


reproducible 

environment 

erosion 

pollution 

species 

conserve 

parent  stock 

reforestation 

conservation  programs 

harvesting 

migrant  workers 

processing  plant 

uniform 

fertilizing 

spraying 


synthetic 

slaughtered 

sanitary 

veterinarians 

foundation  herds 

offspring 

slaughtering 

carcasses 

butchering 

cured 

conveyors 

candled 

marine 

gurdy 

spawn 

seine 

beds 


Think  About  It! 

1.  Why  is  conservation  so  important  in  our 
harvesting  of  reproducible  raw  materials? 

2.  Why  do  you  suppose  that  marine  life  may 
be  a major  source  of  human  food  as  the 
world's  population  continues  to  grow? 
Why  are  air  and  water  pollution  so  dan> 
gerous  to  us  now? 
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Extracting 
Raw  Materials 


In  this  reading  you  will  learn  about  the 
ways  man  gets  nonliving  raw  materials  from 
nature.  These  ways  are  called  extracting. 
The  raw  materials  are  called  mineral  re- 
sources. These  raw  materials  are  not  like  the 
living  raw  materials  you  studied  in  the  last 
reading.  Nonliving  raw  materials  cannot  be 
replaced  once  they  are  extracted.  This  read- 
ing tells  what  kinds  of  raw  materials  are 
extracted,  why  we  extract  them,  when  and 
where  they  are  extracted,  how  they  are 
found,  and  who  does  the  work  of  extracting. 

Kinds  of  Raw  Materials  Extracted 

There  are  three  main  kinds  of  mineral 
resources.  They  are  (1)  mineral  fuels,  (2) 
nonmetallic  minerals,  and  (3)  metallic  min- 
erals. Mineral  fuels  include  coal,  lignite, 
peat,  petroleum,  and  natural  gas.  These 
fuels  are  now  nonliving  raw  materials,  but 
they  came  from  living  things.  Partly  de- 
cayed plants  and  animals  were  trapped 
in  sediments  (layers  of  fine  matter)  in  the 
oceans  and  on  land.  There  are  beds  of  coal, 
lignite,  and  peat,  and  underground  pools  of 
liquid  petroleum  and  natural  gas.  All  these 
materials  developed  through  physical  and 
chemical  changes  in  the  trapped  plants  and 
animals.  These  materials  are  used  as  fuels. 
They  are  also  the  raw  materials  used  in 
making  many  products  like  plastics,  83m- 
thetic  fibers,  and  drugs. 

Nonmetallic  minerals  include  construction 
materials  like  sand,  gravel,  and  building 
stone.  There  are  also  abrasive  (grinding) 
materials  like  corundum,  and  insidating 
(protecting)  materials  like  asbestos.  Other 
nonmetallic  minerals  (g}rpsum,  clay,  lime, 
and  sulphur)  have  many  uses  in  industry. 


Metallic  minerals  are  the  ores  of  all  the 
metals.  Fig.  39-1.  Iron,  copper,  aluminum, 
and  the  other  metals  are  gotten  from  these 
raw  materials.  These  metals  are  widely  used 
in  manufacturing. 


Reasons  for  Extracting:  Raw  Materials 

Man  now  makes  use  of  more  than  100  dif- 
ferent minerals  found  in  nature.  We  depend 
on  these  minerals  for  making  and  moving 
goods  and  in  giving  us  all  kinds  of  services. 
Extraction  of  the  raw  material  is  the  first 
step  toward  the  finished  product.  As  man’s 
production  grows,  the  need  for  raw  material 
grows.  The  importance  of  extraction  be- 
comes greater. 


Fig.  39*1.  This  is  on  aerial  view  of  a magnesium  plant 
where  the  metallic  material  is  extracted 
from  sea  watei. 
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Where  Materials  Are  Extracted 

Mineral  resources  are  not  found  every- 
where in  nature.  Some  areas  have  a great 
many  minerals.  Other  areas  have  very  few 
minerals.  Raw  materials  are  found  in  the 
air,  in  the  oceans,  and  in  the  earth  itself. 
But  we  can  use  only  those  minerals  which 
can  be  extracted  easily.  Only  nitrogen,  oxy- 
gen, helium,  and  some  of  the  rare  gases, 
like  neon  and  argon,  can  be  extracted  easily 
from  the  air.  However,  all  the  elements  used 
as  raw  materials  can  be  found  in  the  ocean, 
but  only  sodium,  magnesium,  bromine,  and  a 
few  others  can  be  easily  extracted.  All 
others  are  there  in  such  small  amounts  that 
it  costs  too  much  to  extract  them.  The 
world’s  oceans  will  become  an  important  fu- 
ture source  of  many  minerals  when  extrac- 
tion methods  are  imp*.rved.  Fig.  39-2.  'The 
solid  earth  is  still  our  main  source  of  raw 
materials. 

Locating:  Raw  Materials 

The  job  of  the  geologist  (who  studies  the 
earth’s  crust)  is  to  find  mineral  resources. 
He  uses  his  knowledge  of  the  geological  his- 


Extracting  Raw  Materials 

tory  of  an  area  to  tell  what  mineral  resources 
are  likely  to  be  found  there.  Mineral  re- 
sources near  the  surface  of  the  earth  are 
found  by  a study  of  the  surface  rocks.  The 
geologist  drills  test  holes  and  makes  other 
physical  and  chemical  tests.  He  can  also  tell 
if  there  is  a certain  raw  material  beneath  the 
earth’s  surface.  Fig.  39-3. 

Methods  of  finding  minerals  depend  on  the 
kind  of  material  he  is  hunting.  A Geiger 
counter  is  useful  in  finding  uranium  under- 
ground. A study  of  the  earth’s  magnetism  in 
a certain  region  might  be  needed  to  find  iron 
ore.  Along  with  the  geologist,  surveyors,  en- 
gineers, geophysicists  (who  study  earth 
features  and  the  forces  that  cause  them), 
geochemists  (who  study  the  chemistry  of  the 
earth’s  crust),  and  paleontologists  (who 
study  life  of  prehistoric  time)  all  help  to 
find  raw  materials. 

When  Extraction  Is  Done 

Not  all  newly  found  mineral  deposits 
(layers  or  pockets)  are  extracted.  Before 
extraction,  it  must  be  found  out  if  the  raw 
material  can  be  mined  at  a profit.  The  shape. 


Rg.  39*Z  An  offshore  drilling  rig  moy  be  used  fo 
extract  petroleum,  natural  gas,  or  sulfur 
from  underneath  the  sea. 


Fig.  39>3.  Test  holes  ore  drilled  to  find  out  if  there  is 
0 certain  row  materiol  beneath  the  earth's 
surface. 
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size,  location,  depth,  and  richness  of  the 
deposit  tell  which  extraction  method  must  be 
used  to  get  the  raw  material.  A small  deposit 
deep  within  the  earth  or  far  away  from 
markets  might  not  be  mined  at  a profit.  But 
the  same  deposit  near  the  surface  or  near  a 
processing  plant  could  be  mined  at  a profit. 
Other  factors  help  decide  whether  to  extract 
a mineral  deposit.  They  include:  (1)  the 
nearness  of  railroads,  roads,  and  pipelines 
for  moving  the  raw  material;  (2)  the  near- 
ness of  labor,  water,  and  electricity;  and  (3) 
the  need  for  the  raw  material.  Growing 
needs  for  a raw  material  by  manufacturers 
and  better,  cheaper  extraction  methods  may 
make  some  deposits  more  valuable.  A min- 
eral deposit  which  costs  too  much  to  extract 
now  may  be  cheaper  to  extract  in  the  future. 
For  instance,  the  future  use  of  underground 
nuclear  explosions  may  help  in  extracting 
large  amounts  of  oil  and  natural  gas  from 
some  kinds  of  dense  rock. 

Methods  of  Extracting  Raw  Materials 

There  are  three  main  ways  of  extraction. 
They  are:  (1)  surface  mining,  (2)  under- 
ground mining,  and  (3)  drilling.  In  surface 
mining  there  is  a certain  amount  of  rock  or 


Fig.  39-4.  This  large  power  shovel  is  taking  away  the 
overburden  to  get  to  a coal  seam. 


soil  that  lies  on  top  of  the  deposit  (over- 
burden) . A thin  layer  of  overburden  can  be 
taken  off  by  light  machines.  Thick  over- 
burden can  be  removed  by  power  shovels. 
Fig.  39-4.  It  is  usually  hauled  away.  Some- 
times it  is  dumped  back  into  the  mine  after 
the  raw  material  has  been  extracted.  Sand 
and  other  loosely  combined  raw  materials 
are  extracted  directly  by  power  shovels. 
Solid  rock  must  be  loosened  and  broken  into 
usable  sizes  by  blasting  or  cutting.  Fig.  39- 
5.  The  extracted  materials  are  loaded  into 
trucks  or  railroad  cars.  Then  they  are  moved 
to  storage  or  to  a processing  plant. 

Small  surface  mining  operations,  like 
small  stone  quarries,  use  only  a small 
amount  of  operating  machinery.  Stone,  like 
marble,  is  mined  mainly  by  hand  tools.  Fig. 
39-6,  but  many  metal  ores  are  extracted 


Fig.  39-5.  Raw  materials,  loosened  by  blasting,  are 

loaded  into  trucks  to  be  moved  to  storage 
or  processing. 


Fig.  39-6.  Marble  is  quarried  in  the  northeastern 
part  of  the  United  States. 
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trom  large  surface  mines  with  lots  of  heavy 
machines.  These  mines  may  be  several  thou- 
sand feet  wide  and  hundreds  of  feet  deep. 
The  walls  of  large,  deep  surface  mines  must 
be  kept  from  collapsing  (falling  in) . For  this 
reason,  the  ore  is  extracted  in  “steps”  or 
terraces  to  give  the  walls  a safe  slope,  Fig. 
39-7. 

Underground  mining  methods  are  used 
when  the  raw  material  is  too  deep  to  be 
mined  safely  or  cheaply  by  surface  methods, 
Figs.  39-8  and  39-9.  The  deposit  is  reached 
by  vertical  or  inclined  shafts  or  by  horizon- 
tal (level)  tunnels.  Horizontal  tunnels  are 
usually  drilled  or  blasted  at  several  levels 
leading  off  a vertical  shaft  The  ore  in  the 
roof  of  the  horizontal  tunnel  is  blasted  down- 
ward, loaded  into  ore  cars,  hauled  to  vertical 
shafts,  and  raised  to  the  surface.  On  the  sur- 
face, the  ore  is  dumped  for  storage  and  fur- 
ther processing. 

Vertical  mine  shafts  may  go  two  miles 
downward.  They  may  have  several  horizon- 
tal levels.  Usually,  a kind  of  mining  called 
room  and  pillar  is  used  in  extracting  the 
raw  material.  The  deposit  is  divided  into 
rooms  separated  by  pillars  (supports).  The 
ore  or  mineral  is  then  extracted  from  the 
rooms.  The  pillars  are  left  to  support  (hold 
up)  the  roof.  Thus,  in  underground  mining 


Fig.  39-7.  This  is  an  aerial  view  of  an  open-pit  mine. 
The  terraces  or  "steps"  give  the  walls  a 
safe  slope.  This  mine  is  a half-mile  long,  a 
quarter-mile  wide,  and  about  2SO’  deep. 
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nearly  half  the  raw  material  may  be  left  as 
supporting  walls  and  pillars.  In  surface  min- 
ing all  the  raw  material  can  be  extracted. 

Raw  materials  like  oil  or  natural  gas  are 
found  in  the  fluid  (liquid)  state  deep  under- 
ground. Oil  and  natural  gas  are  extracted 
by  drilling.  At  one  time,  all  drilling  was  done 
by  the  cable  tool  method.  In  this  kind  of 
drilling,  a heavy,  wedge-shaped  cutting  tool 
was  hung  from  a steel  cable.  It  was  then 
dropped,  over  and  over  again,  on  the  material 
being  drilled.  After  a while  the  tool  was  re- 
moved. Then  a “bailer”  was  let  down  to  pick 
up  the  rock  cuttings  at  the  bottom  of  the  hole. 


Fig.  39-8.  An  elecfrically  powered  loading  machine  is  | 

filling  a shuttle  cor  with  potash  ore.  The  ? 

shuttle  train  moves  the  ore  to  the  mine  shaft  | 

for  hoisting  to  the  surface.  | 


Fig.  39-9.  This  rotary  cutter,  continuous-mining  machine 
rips  coal  out  of  a seam  at  four  tons  per 
minute.  This  machine  works  well  in  thin 
coal  seams  since  it  is  only  36*  high. 
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Today,  most  drilling  is  done  by  the  rotary 
method.  A cutting  bit  is  fixed  on  the  end  of 
metal  tubing  and  rotated  (turned  in  a cir- 
cle) at  the  surface,  Fig.  39-10.  The  bit  cuts 
downward  in  a hole  filled  with  dense  mud. 
The  mud  keeps  the  walls  from  caving  into 
the  hole.  It  also  floats  the  broken  bits  of  rock 
to  the  surface.  Steel  casing  is  used  to  line  the 
hole  when  drilling  is  complete.  The  oil  or  gas 
may  be  as  deep  as  five  miles  underground.  At 
this  depth  the  steel  casing  is  perforated 
(holes  made  in  it)  to  let  the  oil  or  gas  flow 
inward.  The  petroleum  is  then  pumped  to  the 
surface.  There  it  is  stored  in  large  tanks  or 
pumped  through  pipelines  to  the  refinery  for 
processing.  Fig.  39-11. 

Salt  and  sulphur  are  also  extracted  by 
drilling.  They  are  in  a solid  state  under- 
ground, so  they  must  be  made  fluid  (able  to 
flow)  by  pumping  heated  water  into  the  de- 
posit. TTie  hot,  melted,  or  dissolved  material 
is  pumped  to  the  surface  for  storage  and 
processing. 


People  Who  Work  in  Extracting 

We  have  read  about  some  of  the  people 
who  find  deposits  of  raw  materials.  These 
people,  along  with  many  others,  work  in  the 
extraction  process.  Surveyors,  drillers,  men 
who  work  on  the  drilling  rig,  pumpers,  pipe- 
line layers,  and  others  work  in  extracting 
petroleum.  Drillers,  explosive  experts,  heavy- 
machine  operators,  truck  drivers,  and  others 
work  in  mining  operations. 


Summary 

Nonliving  raw  materials  cannot  be  re- 
produced or  replaced.  Once  they  are  used  up, 
they  are  gone  forever.  There  are  three  kinds 
of  mineral  resources:  (1)  mineral  fuels,  (2) 
nonmetallic  minerals,  and  (3)  metallic  min- 
erals. Nearly  all  materials  used  in  manufac- 
turing processes  are  included  in  these  three 
group.". 


The  solid  earth  is  man's  main  source  of 
mineral  deposits.  The  geologist  is  in  charge 
of  finding  new  deposits  of  raw  materials.  He 
must  also  find  out  the  size  and  nature  of  a 
deposit  and  if  it  can  be  mined  at  a profit 


Fig.  39-10.  The  bit  is  being  changed  on  this  rotary 
drilling  rig.  The  rigger  is  standing  on  the 
rotary  table. 


Fig.  39-11.  A walking  beam  is  pumping  oil  from  its 

natural  underground  deposit  to  a storage 
tank. 
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Minerals  are  extracted  by  one  of  three 
methods:  (1)  surface  mining,  (2)  under- 
ground mining,  or  (3)  drilling.  The  method 
of  extraction  used  depends  on  the  kind, 
depth,  and  location  of  the  mineral  deposit. 
Many  people,  including  geologists,  engineers, 
surveyors,  drillers,  machinery  operators, 
and  truck  drivers,  do  the  work  of  extracting. 


Terms  to  Know 


extracting 
mineral  resources 

a.  mineral  fuels 

b.  no nmetallic  minerals 

c.  metallic  minerals 
sediments 
abrasive 
insulating 
geologist 

Geiger  counter 

geophysicists 

geochemists 

paleontologists 

deposits 

surface  mining 

underground  mining 


drilling 
overburden 
collapsing 
vertical  shafts 
inclined  shafts 
horizontal 
tunnels 

room  and  pillar 
mining 
pillars 
rooms 
support 
fluid 

cable  tool 
rotary 
rotated 
perforated 


Classes  of  Mineral  Resources 


— 

Minerals  Extracted  by 


Think  About  It  I 

1.  What  mineral  resources  does  your  state 
have? 

2.  What  will  happen  if  man  uses  up  the 
earth’s  supply  of  nonreproducible  mineral 
resources? 


Energy  is  the  ability  to  do  work.  It  is  one 
of  the  inputs  to  a manufacturing  production 
system.  Nature’s  energy  must  be  harnessed 
(controlled)  in  order  to  be  used  by  man. 
ITie  kind  of  energy  used  in  each  case  is 
decided  by  its  efficiency  and  cost,  and  by 
how  easy  it  is  to  use.  ITiis  reading  explains 
(1)  the  general  kinds  of  energy,  (2)  the 
forms  of  nature’s  energy,  (3)  the  ways  that 
man  harnesses  this  energy,  and  (4)  the 
forms  of  energy  that  man  hopes  to  harness 
in  the  future. 


Fig.  40*1.  There  are  six  main  kinds  of  energy. 
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Harnessing  Energy 
from  Nature 

General  Classes  of  Energy 

There  are  six  main  kinds  or  classes  of 
energy.  They  are  (1)  mechanical,  (2)  radi- 
ant, (3)  chemical,  (4)  heat,  (5)  electrical, 
and  (6)  nuclear.  Fig.  40-1.  A rotating  tur- 
bine, a moving  piston,  and  a coiled  spring 
are  examples  of  mechanical  energy.  Radiant 
energy  includes  light,  radio  waves,  and  X 
rays.  Chemical  energy  is  stored  in  the 
atomic  and  molecular  bonds  of  food  and 
fuels.  Heat  energy  is  used  for  warmth  and 
for  changing  water  to  steam.  Electrical 
energy  can  be  found  in  electric  currents  and 
magnets.  Nuclear  energy  is  the  most  power- 
ful form  man  can  use.  It  comes  from  the 
forces  holding  together  the  nucleus  (center 
or  core)  of  an  atom. 

Nature’s  energy  is  not  destroyed  by  using 
it.  Instead,  it  is  changed  from  one  form  to 
another.  'This  is  one  of  energy’s  most  impor- 
tant features  and  explains  how  energy  can 
be  put  to  work  by  man. 


Nature’s  Energy 

Nature  stores  and  expends  (uses  up)  a 
great  deal  of  energy  in  many  ways.  Man 
is  able  to  use  only  a small  fraction  of  na- 
ture’s total  store  of  energy.  ’There  is  energy 
man  can  use  in  the  winds,  running  water, 
ocean  tides,  and  radiant  energy  from  the 
sun.  Some  of  the  sun’s  radiant  energy  is 
changed  by  plants  into  chemical  energy. 
Some  of  this  chemical  energy  is  then  stored 
in  the  plants.  Some  plants  are  used  by  man 
for  food.  Others  die  and  become  fuels  (coal, 
oil,  gas,  or  wood)  man  can  use. 
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Harnessing  Nature’s  Energy 

To  harness  the  energy  of  nature,  man 
must  collect,  contain,  and  control  it.  Man 
harnesses  energy  when  he  eats  food.  He 
uses  its  stored  chemical  energy  for  all  the 
functions  of  life,  like  body  growth,  move- 
ment, and  reproduction.  Fig.  40-2. 

Industry  and  government  harness  many 
forms  of  nature’s  energy.  Sometimes  it  is 
used  directly  to  manufacture  products  and 
give  services.  Sometimes  it  is  changed  to 
other,  more  useful  forms  of  energy,  Fig. 
40-3.  A wide  range  of  devices,  from  wind- 
mills to  atomic  reactors,  can  be  used  for 
harnessing  nature’s  energy. 


animals  to  do  his  work.  The  simple  task  of 
eating  helped  him  to  put  the  stored  chemi- 
cal energy  of  food  to  work. 

To  help  him  with  his  work,  early  man 
used  the  great  energy  of  the  winds.  Winds 
are  moving  air  masses.  Air  moves  because 
land  and  water  take  in  the  radiant  energy 
of  the  sun  at  different  rates.  Air  also  moves 
because  of  the  earth’s  rotation  and  the  local 
topography  (land  features). 

Windmills  have  been  used  for  centuries. 
They  change  the  wind’s  energy  into  me- 
chanical energy  for  driving  machines  to 
grind  grain  and  pump  water,  Fig.  40-4. 
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Harnessing  the  Energy  of  the  Wind 

Early  man  used  only  his  own  muscle 
power  and  the  muscle  power  of  tamed 


Fig.  40-2,  The  eating  of  plants  and  animals  was  man’s 
first  way  of  harnessing  nature’s  energy. 


Fig.  40-3.  Heat,  electrical,  and  mechanical  energy  are 
harnessed  in  this  airplane. 


Fig.  40-4.  This  simple  windmill  is  used  In  Holland  to 
collect  the  wind’s  energy^  change  it  into 
mechanical  energy^  and  then  to  pump 
water  from  the  lowlonds. 


a 


I 

"I 


246 


The  World  of  Manufacluring 


Sailing  ships  and  gliders  are  also  examples 
of  how  man  can  put  some  of  the  wind’s 
energy  to  work. 

Greater  use  of  the  wind  to  get  electrical 
energy  is  possible  in  the  future.  If  we 
could  harness  all  the  energy  of  wind,  it 
would  be  able  to  do  twice  as  much  work  as 
waterpower  does  now. 

Harnessing  the  Energy  of 
Running  Water 

Another  form  of  nature’s  energy  was  put 
to  work  early  in  man’s  history.  It  was  the 
energy  of  running  or  falling  water.  'The 
radiant  energy  of  the  sun  evaporates  (turns 
into  clouds)  a huge  amount  of  water  each 
day.  The  water  returns  to  the  earth  as  rain 
and  snow.  Part  of  it  collects  on  land  surfaces 
and  runs  into  streams.  In  flowing  to  the 
sea,  this  water  is  able  to  do  a great  amount 
of  work. 

The  earliest  way  of  harnessing  this 
energy  was  the  waterwheel.  Fig.  40-5.  TTie 
waterwheel  changed  the  energy  of  moving 
water  into  mechanical  energy  for  running 
grain  mills  and  sawmills. 

Today,  waterpower  is  used  mainly  to 
turn  the  turbines  that  generate  (produce) 
electrical  energy.  Fig.  40-6.  High  water 
pressures  are  needed  to  turn  the  turbines. 
So  waterfalls  or  water  stored  behind  man- 
made dams  are  used.  The  high-pressure 
water  is  squirted  through  nozzles  onto  the 
turbine  blades.  TTie  mechanical  energy  of 
the  moving  turbine  blades  turns  a genera- 
tor. The  generator  then  produces  electrical 
power.  Then  the  electrical  power  is  sent 
through  high-voltage  power  lines  to  homes 
and  industries.  ’There  it  may  be  used  to  run 
machines  and  appliances,  or  it  may  be 
changed  to  heat  and  light 

Harnessing:  the  Energy 
of  Natural  Fuels 

The  natural  fuels  include  coal,  oil,  gas, 
and  wood.  They  were  all  living  things  once. 


They  all  contain  carbon.  Plants  change  the 
radiant  energy  of  the  sun  to  chemical 
energy  through  the  process  of  photosynthe- 
sis. Coal  comes  from  plants,  Fig.  40-7.  Oil 
and  gas  come  from  small  animals.  When 


Fig.  40-5.  The  waterv/heel  was  an  early  way  to 
harness  energy  from  wafer  for  running 
grain  mills 


Fig.  40-6.  Water  is  harnessed  fodoy  by  collecting  it 
behind  dams  and  forcing  it  through  turbine 
generators. 
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these  plants  and  animals  were  buried  mil- 
lions of  years  ago,  their  energy  was  also 
buried  and  stored.  Harnessing  this  energy 
can  be  done  in  several  ways.  They  are:  (1) 
drilling  for  oil  and  gas,  mining  coal,  and 
cutting  wood;  (2)  refining  (oil)  into  usable 
fuels;  (3)  moving  and  storing  the  fuel;  and 
(4)  controlling  the  burning  of  the  fuel. 

Controlled  burning  turns  the  stored  chemi- 
cal energy  into  heat  energy.  Then  the  heat 
energy  can  be  used  to  heat  homes  and  fac- 
tories or  to  run  automobile  engines.  It  can 
also  be  used  in  manufacturing  processes 
that  need  heat  Today,  the  natural  fuels 
are  our  most  important  source  of  energy, 
but  the  supply  is  slowly  growing  smaller. 
In  the  future  we  must  find  either  new  fuel 
supplies  or  other  sources  of  energy. 


Harnessing  the  Energy 
of  Nuclear  Fission 

Nuclear  fission  is  often  called  “splitting 
the  atom.”  The  amount  of  energy  let  loose 
during  this  process  is  huge.  When  not  con- 
trolled, the  process  results  in  terrible  ex- 


Fig.  40-7,  Cool  is  one  of  our  natural  fuels.  The  coal 
must  be  mined  first  before  its  energy  can 
be  used  by  man. 


plosions.  But  if  fission  is  controlled  in  a 
nuclear  reactor,  its  energy  is  easily  har- 
nessed. The  nuclear  energy  is  changed  into 
heat  energy.  This  heat  energy  is  usually 
used  to  heat  water  under  pre^irt  re.  The 
water  is  then  changed  to  steam  ind  used  to 
turn  the  blades  of  a turbine.  The  moving 
turbine  blades  generate  electrical  energy. 
They  can  also  propel  (drive  forward)  nu- 
c?car-powered  ships.  Fig.  40-8. 

The  energy  of  nuclear  explosions  may  one 
day  be  put  to  work  to  make  new  canals  and 
harbors.  It  may  even  be  used  in  some  min- 
ing operations.  Use  of  nuclear  fission  energy 
in  industry  is  still  developing.  It  will  surely 
become  one  of  man’s  most  important  sources 
of  energy  in  the  future,  as  our  supply  of 
natural  fuels  is  used  up. 


Future  Energy  Sources  for  Man 

In  the  future,  man  must  learn  to  harness 
new  sources  of  energy.  But  better  use  must 
be  made  of  the  energy  sources  he  uses  now. 
Our  supply  of  natural  fuels  is  rapidly  being 
used  up.  It  will  probably  last  only  a few 
hundred  years. 


Fig.  40-8.  Energy  from  a nuclear  reactor  can  heaf 

>^afer  under  pressure.  The  water  is  changed 
inta  steam  ta  run  a turbine  generator  that 
praduces  electrical  energy. 
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We  are  looking  for  ways  to  use  new 
sources  of  nature’s  energy.  Several  of  these 
sources  are  the  power  of  the  ocean’s  tides, 
the  radiant  energy  of  the  sun,  the  natural 
heat  under  the  earth’s  surface,  the  energy 
of  the  laser  (light)  beam,  and  nuclear 
/ itsion  ( combi  ni  ng  atoms ) . 

The  energy  used  in  the  daily  rise  and 
fall  of  the  oceans’  tides  could  give  man 
nearly  half  of  his  total  energy  needs.  The 
world’s  first  successful  tidal-poioered  elec* 
trie  plant  was  built  in  France  in  1966.  The 
water  of  the  ocean  at  high  tide  was  blocked 
with  dam  arches  across  a bay.  Fig.  40-9. 
As  the  tide  fell,  the  water  behind  the  arches 
was  used  to  drive  turbines  for  electrical 
power.  Several  such  projects  are  being 
planned  or  built  around  the  world. 

Today,  man  uses  only  a very  small  frac- 
tion of  the  total  radiant  energy  from  the 
sun.  Every  two  days  the  earth  gets  an 
amount  of  energy  in  sunlight  equal  to  all 
the  earth’s  natural  fuels  left.  To  put  sun- 
light to  work,  man  must  collect  and  concen- 
trate the  sun’s  rays  with  lenses  and  mirrors. 
'This  is  very  expensive. 

Our  problem  is  to  develop  cheap  ways  to 
harness  this  energy.  Solar  energy  (sun)  is 
now  used  to  heat  some  specially  designed 
homes.  Fig.  40-10.  In  the  future,  solar 
cells  will  use  radiant  energy  from  the  sun. 
These  cells  will  change  solar  energy  into 
electrical  energy.  Such  cells  are  now  used 
in  space  satellites  to  run  instruments  and 
radio  transmitters. 

Under  the  earth’s  surface,  radioactive 
elements  decay  and  let  loose  large  amounts 
of  heat.  Such  high  temperatures  inside  the 
earth  can  be  seen  at  the  surface  in  the  heat 
of  volcanoes  and  geysers.  Steam  produced 
by  this  underground  heat  may  be  used  to 
drive  turbine  generators  for  electrical 
energy.  The  natural  heat  of  th*  earth  may 
also  be  used  in  the  future  to  heat  homes 
and  factories. 

The  energy  of  the  laser  beam  is  being 
studied  for  possible  use  in  the  future.  ’The 
intensified  light  beam  of  a laser  may  be 
used  to  carry  energy  which  may  be  changed 


to  electrical  energy.  We  may  not  need  high 
voltage  transmission  wires  in  the  future. 
The  laser  beam  may  also  be  used  as  a com- 
munications transmitter  and  as  a tool  in 
surgery  and  delicate  metal  welding. 

Probably  the  greatest  source  of  energy 
harnessed  by  man  is  nuclear  fusion.  This 
is  the  proce.ss  which  gives  energy  to  the 


A.  Af  high  fide,  the  ocean  water  is  dammed 
up  in  a boy. 


B.  Af  low  tide,  fhe  water  is  used  fo 
generate  electrical  energy. 

Fig.  40-9.  Much  of  man's  total  energy  needs  can  be 
supplied  by  fhe  ocean's  tides. 


stars  and  the  hydrogen  bomb.  Nuclear 
fusion  is  the  opposite  of  nuclear  fission. 
Nuclear  fusion  happens  when  two  atomic 
nuclei  (cores)  combine  to  form  one.  The 
raw  material  used  in  this  process  is  heavy 
hydrogen  (deuterium) . There  is  an  almost 
endless  supply  of  deuterium  in  the  oceans. 
There  are  many  complicated  technological 
problems  to  harnessing  this  vast  store  of 
energy,  but  progress  is  being  made,  Fig. 
40-11. 


Rg.  40-10.  Solar  energy  for  heating  homes  can  be 
collected  with  specially  designed 
collector  walls. 


Fig.  40-11.  Huge  steel  spheres  enclose  reoctors  at 
many  leading  nuclear  power  stations. 


Harnessing  Energy  from  Nature  249 

Summary 

Everything  man  does  needs  energy.  There 
are  several  natural  sources  of  this  energy. 
In  order  to  do  his  work,  man  must  harness 
them.  There  are  six  main  kinds  of  energy. 
They  are  mechanical,  radiant,  chemical, 
heat,  electrical,  and  nuclear.  Each  kind  of 
energy  may  be  changed  into  another  kind. 
This  is  one  of  the  jobs  man  faces  in  putting 
nature’s  energy  to  work  for  him. 

Man  has  learned  to  harness  easily  and 
cheaply  the  energy  of  the  wind  and  moving 
water  and  the  stored  energy  of  natural 
fuels.  He  has  been  able  to  turn  huge 
amounts  of  raw  materials  into  useful  prod- 
ucts. His  use  of  the  energy  found  in  na- 
ture has  helped  him  a great  deal. 

Our  supplies  of  coal,  oil,  and  gas  are  be- 
ing used  up  and  these  supplies  cannot  be 
replaced.  We  mu.»t,  then,  learn  to  harness 
some  other  forms  of  energy.  We  are  now 
developing  methods  and  equipment  to  har- 
ness the  energy  of  the  ocean’s  tides,  the 
radiant  energy  of  the  sun,  the  natural  heat 
energy  of  the  earth,  the  light  energy  of 
the  laser  beam,  and  atomic  energy. 


Terms  to  Know 

energy 

a.  mechanical 

b.  radiant 

c.  chemical 

d.  heat 

e.  electrical 

f.  nuclear 
harnessed 
nucleus 
expends 
fuels 
collect 
contain 
control 
topography 
evaporates 
turbines 


generate 
photosynthesis 
nuclear  fission 
nuclear  reactor 
propel 
laser  beam 
nuclear  fusion 
tidal-powered 
solar  energy 
solar  cells 
space  satellites 
radioactive  elements 
nuclei 
deuterium 

(heavy  hydrogen) 
wind  energy 
pollution 
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Major  Classes  of  Energy 


Think  About  It! 

1.  use  of  natural  energy  means  chang* 
ing  one  form  of  energy  into  another.  How 
can  wind  energy  be  used  as  a source  of 
electrical  energy? 

2.  Is  it  possible  for  the  United  States  to 
generate  too  much  electrical  energy? 
What  has  this  to  do  with  air  pollution? 
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You  have  learned  that  before  production 
can  start,  products  must  be  researched,  de- 
signed, and  engineered.  Production  processes 
and  plant  layout  must  also  be  decided  on. 
Production  and  quality  control  systems  must 
be  planned.  Personnel,  equipment,  materials, 
and  other  inputs  must  be  gotten.  These  are 
all  basic  management  jobs.  Planning,  organ- 
izing, and  controlling  are  done  in  all  these 
jobs.  Management  jobs  will  go  on  during  the 
next  step  in  manufacturing  called  produc- 
tion. 

In  this  reading,  you  will  learn  how  all 
kinds  of  manufacturers,  using  different  ma- 
terials, produce  any  kind  of  product.  You 
will  study  the  production  steps  all  materials 
go  through  and  the  practices  used  to  change 
the  form  of  a material  in  each  stage. 


a producer's  product  if  it  is  used  by  another 
manufacturer  or  a constructor.  It  is  a per- 
sonal product  if  it  is  bought  and  used  by  an 
individual,  for  example,  in  his  home.  Second, 
materials  that  are  processed  by  pnmary 
manufacturers  (primary  metals,  textiles, 
petroleum,  chemicals,  energy,  lumber,  and 
others)  produce  by-products.  These  become 
products  for  still  other  manufacturers.  This  | 

cycle  is  nearly  endless.  Third,  manufactur- 
ing production  can  be  thought  of  as  chang- 
ing material  from  the  general  to  the  particu- 
lar. This  means  from  rough  to  fine;  from 
general  sizes,  shapes,  and  weights  to  very 
accurate  sizes,  shapes,  and  weights;  and 
from  general  t kills  to  special  skills.  A chart 
at  the  end  of  this  reading  (Fig.  41-15) 
shows  the  production  steps  through  which 
some  materials  are  changed  into  products.  i 

i 

I 


Production  Stages 

In  the  making  of  any  product,  there  are 
steps  to  be  followed  in  order.  First,  raw  ma- 
terials must  be  refined  (improved)  and 
bulked  (combined  in  large  quantities).  This 
is  called  preparing  raw  materials,  Fig.  41-1. 

Next,  these  materials  are  changed  and 
formed  into  standard  industrial  materials. 

This  is  called  making  industrial  materials. 

Fig.  41-2.  Then,  the  standard  materials  are 
changed  into  components  (single  parts)  or 
finished  products  made  up  of  only  one  part. 

Fig.  41-3.  Then,  several  components  are 
assembled  (combined  to  form  a more  compli- 
cated product).  Fig.  41-4.  Finally,  the  prod- 
uct  is  packaged  or  prepared  for  shipment.  Fig.  41-1.  In  preparing  timber,  bark  IS  blosteci  froni 
Fig  41-5  water  under  1,500  pounds  of 

There  are  three  important  things  to  keep  pressure  Slabs  and  endings  are  changed  to 

in  mind  about  these  steps.  First,  a material  chips  for  pulp  and  other  wood  paper 

can  become  a product  at  any  time.  It  becomes  products. 

254  2-69^ 


Manufacturing  Production  Technology  255 


Fig.  41-2.  Here  you  see  molten  (melted)  iron  in  a 
basic  oxygen  furnace  to  be  made  into  a 
high-quality  steel.  The  steel  will  be  formed 
into  industrial  materials. 


Fig.  41-3.  In  component  making,  a plastic  sheet  is 
vacuum-formed  over  on  aluminum  die  to 
produce  a dishpan. 


Fig.  41-4.  A diesel-electric  locomotive  is  carefully 
lowered  onto  its  trucks  during  a final 
assembly  operation. 


Production  Practices 

There  are  three  main  kinds  of  production 
practices.  They  are : 

1.  Preprocessing, 

2.  Processing,  and 

3.  Postprocessing. 

Preprocessing  may  be  thought  of  as  the 
ways  we  get  the  necessary  inputs  where 
they  are  needed  and  when  they  are  needed. 
Processing  may  be  thought  of  as  the  ways 
we  change  the  basic  form  of  the  materials. 
Postprocessing  may  be  thought  of  as  the 
ways  we  service  or  maintain  the  products 
during  their  lifetime. 

Preprocessing  Materials 

Preprocessing  gets  materials  where  thej'’ 
are  needed,  when  they  are  needed,  and  in  the 
right  amounts.  There  are  many  ways  to 
handle  materials  well.  Handling  materials 
well  depends  on  the  kind  of  material,  the 
kind  of  equipment  used,  and  how  well  the 


Fig.  41-5,  Delicate  electrical  and  electronic  control 
equipment  is  wrapped  with  polyethylene 
sheeting.  During  shipping,  transport 
personnel  can  see  what  they  are  handling 
The  film  also  seals  the  equipment, 
protecting  it  from  surrounding  conditions. 
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material  handling  system  has  been  combined 
with  processing.  Good  handling  may  include 
carrying  materials  by  hand,  using  automatic 
equipment,  and  moving  materials  through 
conduits  (pipes  or  channels).  Fig.  41-6. 
Whatever  means  is  used  to  handle  materials, 
it  is  done  by  one  or  a combination  of  several 
practices.  These  include : 

1.  Receiving, 

2.  Unpacking, 

3.  Handling, 

4.  Storing,  and 

5.  Protecting. 

Keep  in  mind  that  none  of  these  practices 
changes  the  form  of  the  materials. 

Processing  Materials 

Materials  are  changed  in  form  in  three 
basic  ways.  Materials  can  be : 

1.  Formed, 

2.  Separated  (Fig.  41-7),  and 

3.  Combined  during  processing 
(Fig.  41-8). 

Forming,  separating,  and  combining  are  the 
main  practices  of  processing.  They  take 
place  during  all  stages  of  production.  Ma- 
terial handling,  storing,  and  protecting  may 
also  take  place  before,  during,  and  after  any 
of  the  five  steps  of  production.  Figs.  41-9, 
41-10,  and  41-11. 


Fig.  41-6.  Conveyor  belt  systems  move  many  kinds  of 
loose  materials  to  stages  of  manufacturing. 


With  a deck  of  cards,  you  can  bend  the 
deck  (forming),  cut  the  deck  (separating), 
and  shuffle  the  deck  (combining).  These 
three  practices  apply  to  any  material  wheth- 
er it  is  a solid,  liquid,  or  gas.  When  you  pick 
up  the  cards  to  bend,  cut,  or  shuffle  them  or 
when  you  pass  the  deck  to  another  person, 
this  could  be  called  material  handling. 


Fig.  41-7.  The  use  of  tape-controlled  devices  like 
this  three-spindled  bridge  milling  machine 
helps  to  form  finely  detailed  helicopter 
parts.  This  machine  reduces  manufacturing 
work. 


Fig.  41-8.  Some  materials  are  combined  by  mixing,  as 
in  blending  pulps  to  make  papers. 

Dyestuffs,  sir'ng,  and  fillers  are  also  mixed 
to  produce  the  right  color  in  the  finished 
product. 
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Let  us  take  other  examples.  If  you  are 
bending  wire,  you  are  forming.  If  you  are 
sawing  wood,  you  are  separating.  If  you  are 
stapling  two  sheets  of  paper  together,  you 
are  combining. 

In  manufacturing  there  are  many  special 
practices  used  to  form,  separate,  and  com- 
bine standard  stock.  Fig.  41-12, 


Industrial  Materials 


I 1 


Casting 
or  molding 

- 

■ Shearing 

Compressing 
or  stretching 

L 

■ Chip  removing 

Other 

processes 

- Conditioning 

1 

I 


Fig.  41-11.  After  processing,  each  piece  of  flatware 
is  carefully  wrapped  in  sulphur-free  tissue 
paper  before  it  is  finally  wrapped  in 
tarnish-resistant  paper  to  protect  it  on  its 


Fig.  41-9.  Main  practices  of  processing. 


way  to  the  customer. 


Fig.  41-12.  Here  a workman  is  forming  a large  wheel 
for  an  earth  compactor  by  passing  the 
sheet  through  rollers. 
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Look  at  some  products  around  you,  and  see 
if  you  can  tell  which  practices  have  been 
used  to  change  the  forms  of  materials  in 
each  step  of  production.  By  doing  this,  your 
understanding  of  the  manufactured  world 
will  increase. 


Postprocessing  Materials 

Postprocessing  materials  includes : 

1.  Installing, 

2.  Maintaining, 

3.  Repairing,  and 

4.  Altering. 

These  happen  after  the  product  gets  to  the 
customer.  They  are  practices  that  increase 
the  life  and  value  of  manufactured  goods. 
Often  they  are  called  servicing.  Fig.  41-13. 

Many  manufactured  products  are  installed 
(put  in  place)  in  buildings  by  building  con- 
tractors. This  service,  however,  may  be  done 
by  the  manufacturer  if  the  contract  states 


Fig.  41-13.  A rear-projection  comparison  viewer  is 

being  installed  by  the  manufacturer  of  the 
viewer. 


that  he  will  do  it.  An  example  is  the  installa- 
tion of  an  air  conditioning  system  or  a public 
address  system  in  your  school. 

If  your  family  automobile  is  not  running 
right,  a tune-up  is  done  at  a garage,  service 
station,  or  at  home.  This  is  an  example  of 
maintaining  the  product  (keeping  it  in  good 
shape).  When  you  polish  your  shoes,  you 
are  maintaining  them. 

The  practice  of  repairing  is  a common  ac- 
tivity. New  soles  or  heels  can  be  put  on  your 
shoes  to  make  them  like  new.  If  you  should 
break  the  windshield  of  your  family  auto- 
mobile, it  could  be  repaired  by  putting  in  a 
new  windshield. 

Examples  of  altering  are  cutting  down  a 
pair  of  trousers  that  belonged  to  your  older 
brother,  or  cutting  a carpet  to  fit  a room. 
Some  day,  you  may  mill  down  the  head  of 
your  automobile’s  engine  to  increase  its 
power. 

These  are  only  examples  of  the  many  post- 
processing practices  that  are  done  to  manu- 
factured products.  It  is  important  to  remem- 
ber that  the  knowledge  used  in  postprocess- 
ing is  the  same  basic  knowledge  used  in 
processing.  It  is  just  done  at  a later  time  and 
at  a different  place. 


Production  Technology 

All  technology  is  aimed  at  learning  how  to 
do  something  efficiently.  To  do  something 
efficiently  means  that  man  must  be  able  to 
plan,  organize,  and  control  what  he  is  doing. 
The  way  men  have  efficiently  planned,  or- 
ganized, and  controlled  their  management, 
personnel,  and  production  practices  gives  us 
a managed-production  system.  The  knowl- 
edge of  efficient  practices  in  manufacturing 
production  is  called  manufacturing  produc- 
tion technology. 

You  should  be  able  to  understand  the  rela- 
tionships among  the  technologies  of  manu- 
facturing by  studying  Figs.  41-14  and  41-15. 
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Identifying  consumer  demand 

Tooling  up  for  production 
: — 

— 1 

Designing  and  engineering  the  product 
r 

Securing  inputs  to  the  system 
* 

Planning  production  processes 


Establishing  production  and  quality  controls 

I 


Preparing 

raw 

materials 

Making  industrial 
materials 

Making 

components 

Combining 

components 

Preparing  for 
distribution 

-Receiving 
■Unpacking 
•Handling 
■Storing 
■ Protecting 


-Forming 

-Separating 

-Combining 


-Installing 

-Maintaining 

-Repairing 

-Altering 

Fig.  41-14.  Relationships  among  Manufacturing  Technologies 
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Fig.  41-15.  Basic  Production  Stages 
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Summary 


Terms  to  Know 


Manufacturing  production  technology  is 
the  knowledge  used  by  man  to  change  raw 
materials  into  manufactured  products.  It 
also  takes  personnel  and  management  knowl- 
edge and  skill  to  add  value  to  materials  by 
changing  their  form.  There  are  five  steps  in 
production.  They  are: 

1.  Preparing  raw  materials, 

2.  Making  industrial  materials, 

3.  Making  components, 

4.  Combining  components,  and 

6.  Preparing  for  distribution. 

In  each  step  many  kinds  of  preprocessing 
and  processing  take  place.  The  forms  of  ma- 
terials are  changed  in  each  step.  Installing, 
maintaining,  repairing,  and  altering  of  man- 
ufactured products  are  postprocessing  prac- 
tices. They  are  usually  called  servicing. 


production 

refined 

bulked 

preparing  raw 

materials 
making  industrial 

materials 
components 
assembled 
producer’s  product 
personal  product 
primary  manufacturers 
by-products 
preprocessing 

a.  receiving 

b.  unpacking 

c.  handling 

d.  storing 

e.  protecting 


Think  About  It ! 

1.  How  do  production  practices  add  value  to 
raw  materials  ? 

2.  If  technology  tries  to  find  how  to  do  some- 
thing efficiently,  in  what  ways  do  you  see 
the  results  of  technology  in  your  home? 


processing 

a.  forming 

b.  separating 

c.  combining 
material  handling 
postprocessing 

(servicing) 

a.  installing 

b.  maintaining 

c.  repairing 

d.  altering 
efficiently 
manufacturing 

production 

technology 

conduits 
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After  raw  materials  have  been  secured 
from  nature,  men  and  machines  start  to 
change  them  into  usable  materials  or  prod- 
ucts. In  this  reading  you  will  learn  how 
raw  materials  are  prepared  for  use  by 
industry. 

Most  raw  materials  must  be  separated 
from  unwanted  materials.  This  activity  is 
called  refining.  The  wanted  materials  may 
be  stored  in  large  {hulk)  quantities  until 
it  is  time  to  process  them  further.  Other 
materials  must  be  processed  as  soon  as 
they  are  refined. 

The  leftover  materials  that  have  been 
removed  by  refining  are  called  by-products. 
By-producte  may  be  useful  in  some  way,  or 
they  may  be  waste  (unwanted)  material. 
Today  we  have  very  few  waste  materials. 
For  example,  the  bark  is  removed  from 
logs  that  are  to  be  used  for  fence  posts  or 
paper.  Fig.  42-1.  A by-product  of  this  re- 
fining is  the  bark  that  is  stripped  from  the 
log.  Bark  can  be  processed  and  sold  in  sacks 
as  a garden  mulch. 


Where  Raw  Materials  Are  Prepared 

Some  preparation  of  a raw  material  takes 
place  when  it  is  taken  from  nature.  Sugar 
beets,  for  example,  are  shaken  free  of  dirt 
in  the  field  before  they  are  piled  up.  Fig. 
42-2,  Most  coal  is  sorted  and  washed  at 
the  coal  mine.  Crude  oil  is  prepared  in  the 
oil  field  by  removing  water,  gas,  and  sand. 
It  is  then  bulked  in  large  storage  tanks. 
Some  materials  are  not  refined  until  they 
. enter  the  plant  where  they  will  be  processed. 
Still  other  materials  need  no  preparation 
at  all. 


Converting 
Raw  Materials 
to  Industrial 
Materials 

Ways  of  Refining 

Refining  processes  remove  one  material 
from  other  materials.  The  following  list  in- 
cludes some  kinds  of  refining  processes  that 
are  widely  used.  There  are  many  others. 


Fig.  42-1.  The  bark  is  stripped , from  these  logs  which 
are  to  become  posts.  The  bark  is  a 
by-product. 


Fig.  42-2.  These  sugar  beets  were  shaken  free  of  dirt 
in  the  field  before  they  were  piled  up. 
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1.  Washing  and  cleaning  are  ways  to  re- 
move unwanted  materials  like  sand, 
gravel,  dirt,  and  bacteria  from  ore, 
meat,  vegetables,  and  fruit. 

2.  Screening  and  sizing  remove  unwanted 
material.  They  also  separate  the  raw 
materials  by  size.  Coal,  gravel,  eggs, 
and  potatoes  go  through  screening  and 
sizing  processes. 

3.  Sorting  and  classifying  are  ways  of 
getting  the  same  quality  in  one  batch 
of  material. 

4.  Settling  removes  sand  and  dirt  from 
petroleum,  water,  or  other  liquid  ma- 
terials. 

0.  Flotation  (floating)  is  used  with 
ores,  oils,  and  fats. 

6.  Cutting  removes  corn  from  the  cob  and 
oysters  from  their  shells. 

7.  Filtering  removes  solids  from  liquids 
such  as  water  and  milk. 

8.  Peeling,  stripping,  husking,  shelling, 
scaling,  and  skinning  remove  coverings 
from  fish,  meat  carcasses,  fruits,  veg- 
etables, and  other  reproducible  raw 
materials. 

Controlling  Raw  Materials  Quality 

Earlier  you  learned  about  quality  control 
systems.  Quality  standards  are  also  applied 
to  raw  materials.  A material  that  does  not 
meet  the  standards  for  manufacturing  one 
industrial  material  or  product  may  meet  the 
standard.^  for  another  product,  material,  or 
by-product.  Standards  are  set  to  meet  cus- 
tomer needs,  health  factors,  and  safety 
policies  (rules).  Some  standards  are  set  by 
law.  Examples  of  materials  standards  are : 

1.  The  moisture  content  of  wheat  cannot 
be  more  than  5 percent  of  the  total 
weight. 

2.  The  butterfat  content  of  milk  should 
not  be  less  than  3.5  percent. 

Bulking 

Bulking  consists  of  measuring,  weighing, 
collecting,  and  unitizing.  A material  may  be 


measured  by  the  inch,  foot,  mile,  cubic  yard, 
or  bushel.  A material  may  be  weighed  by 
the  ounce,  pound,  or  ton.  Collecting  means 
piling  up  the  material.  Fig.  42-3.  Unitizing 
means  placing  material  in  the  same  amounts 
or  in  units  of  the  same  size,  shape,  volume, 
or  weight.  The  unit  may  be  a case,  drum, 
bushel,  carload  (railroad),  ton,  or  bale.  Fig. 
42-4. 


Fig.  42-3.  Some  raw  materials  are  prepared  and 
stored  in  large  open  areas.  These 
materials  have  been  collected  in  piles. 


Fig.  42-4.  Cotton  is  "bulked"  into  bales.  This  500- 

pound  bale  is  on  its  way  to  a textile  plant. 
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Storage,  handling,  and  transportation 
(moving  from  one  place  to  another)  must 
be  planned  so  that  bulking  operations  can 
be  done  cheaply  and  well.  The  best  trans- 
port systems  (hauling  vehicles)  must  be 
selected  to  move  materials  long  distances. 
Lift  trucks,  conveyors,  or  cranes  may  be 
needed  to  move  materials  short  distances. 


Converting 

Converting  means  changing  a raw  ma- 
terial into  an  industrial  material.  The  change 
may  be  physical,  chemical,  or  both.  Primary 
metal  manufacturers  convert  metal  ores 
into  metals.  For  example : 

1.  Iron  ore  is  converted  into  pig  iron  in  a 
blast  furnace. 

2.  Pig  iron  is  converted  into  steel  by 
adding  scrap  steel  and  other  metals,. 
Fig.  42-5. 

3.  Bauxite  is  converted  into  aluminum. 

4.  Copper  ores  are  converted  into  copper. 

Logs  cut  down  for  paper  are  converted 

into  chips.  Next,  the  chips  are  converted  into 
pulp.  The  pulp  is  then  bleached  or  dyed  to 
make  p iper  stock. 


Fig.  42-5.  Pig  iron  is  poured  into  a Bessemer 

converter.  It  will  be  combined  with  scrap 
metal  to  make  steel. 


Petroleum  is  converted  by  distilling  into 
eight  basic  industrial  materials: 

1.  Fuel  gas, 

2.  Straight-run  gasoline, 

3.  Naphtha, 

4.  Kerosene, 

6.  Gas  oil, 

6.  Residue, 

7.  Asphaltic  residue,  and 

8.  Lubricating  residue. 

Figure  42-6  shows  a plant  where  petroleum 
is  converted. 

The  textile  industry  converts  fiber  (a 
raw  material)  into  thread  or  yarn  (an  in- 
dustrial material).  Later  the  yarn  will  be 
made  into  cloth,  a standard  stock  in  a textile 
mill. 

The  glassmaking  industry  converts  silica 
sand  and  other  refined  raw  materials  into 
molten  (melted)  glass.  This  molten  glass 
can  be  made  directly  into  a glass  bowl,  or 
it  can  be  made  into  a common  standard 
stock  item  called  sheetglass.  Fig.  42-7. 

Most  people  never  see  these  materials 
until  they  have  been  further  processed.  Con- 
verting, as  you  can  see,  changes  the  raw 
material  into  a usable  industrial  material. 


Fig.  42-6.  This  is  an  aerial  view  of  a plant  for 

converting  petroleum  into  its  eight  basic 
industrial  materials. 
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Where  Converting  Is  Done 

The  place  where  a raw  material  will  be 
converted  depends  on  the  raw  material  it- 
self. For  example,  wool  is  not  converted  to 
yarn  on  a farm.  But,  on  some  large  farms, 
milk  is  converted  into  pasteunzed  milk. 
People  who  work  in  converting  operations, 
then,  may  work  near  the  source  of  the  raw 
materials,  or  they  may  work  several  hun- 


Fig.  42-7.  Glass  flows  from  a furnace  in  a continuous 
sheet.  Next  it  will  be  cut  into  standard 
stock. 


Fig.  42-8.  Cement  is  roasted  in  long,  rotary  kilns. 
The  raw  materials  are  heated  to 
2600°-3()00°F. 


dred  miles  from  where  the  material  was 
secured. 


Ways  of  Converting 

There  are  many  different  kinds  of  proc- 
esses for  converting  raw  materials  into 
industrial  materials : 

1.  Butchering  is  the  converting  of  an- 
imal carcasses  into  sides  or  quarters 
of  meat  which  are  later  made-  into 
steaks,  chops,  or  sliced  meats. 

2.  Distilling  separates  a liquid  from  some 
other  material  by  making  it  evaporate 
and  then  condense  again.  It  is  used  by 
petroleum  producers.  It  is  also  used 
to  get  fresh  water  from  seawater.  In 
these  fields,  refining  and  converting 
mean  almost  the  same  thing. 

3.  Melting  is  a basic  converting  process 
for  producing  primary  metals  and  plas- 
tic resins. 

4.  Evaporating  is  used  to  convert  such 
materials  like  sugar  and  salt  to  more 
usable  forms. 

6.  Filtering  converts  gas,  sugar,  and  many 
liquids  to  more  usable  forms. 

6.  Roasting  produces  chocolate,  cement, 
and  many  other  industrial  materials. 
Figure  42-8  shows  a kiln  in  which 
cement  is  roasted. 


Summary 

Most  raw  materials  must  be  separated 
from  other  materials  that  are  mixed  with 
them  in  nature.  This  kind  of  activity  is 
called  refining.  The  materials  left  over  after 
refining  (by-products)  may  also  be  useful. 
Sometimes  they  are  unv/anted  (waste)  ma- 
terials. 

After  a raw  material  has  been  refined, 
it  is  collected  and  may  be  stored  in  large 
bidk  quantities  until  it  can  be  processed 
further. 

Many  refined  and  bulked  raw  materials  are 
converted  into  industrial  materials.  Con- 
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verting  produces  a physical  or  chemical 
change  (or  both)  in  a material.  Figure  42-9 
shows  three  converting  processes  used  in 
papermaking.  The  average  consumer  u ually 
does  not  see  industrial  materials.  The  manu- 
facturer continues  processing  them  to  pro- 
duce standard  stock. 


Fig.  42*9.  Converting  Processes  in  Papermaking 

A.  Whole  puipwood  logs. 

B.  Logs  have  been  converted  into  chips. 

C.  Material  is  converted  to  liquid  pulp. 

1*^ 
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Terms  to  Know 

refining 

bulking 

bulk 

measuring 

by-products 

weighing 

waste 

collecting 

washing 

unitizing 

cleaning 

storage 

screening 

handling 

.sizing 

transportation 

sorting 

transport  systems 

classifying 

converting 

settling 

ores 

fiotation  (floating) 

pulp 

cutting 

fiber 

filtering 

molten 

peeling 

sheetglass 

stripping 

pasteurized 

husking 

butchering 

shelling 

distilling 

scaling 

evaporate 

skinning 

condense 

standards 

melting 

policies 

evaporating 

roasting 

Think  About  It ! 

1.  List  some  of  the  reproducible  raw  ma- 
terials secured  near  your  city. 

a.  What  refining  processes  do  they  go 
through  ? 

b.  What  quality  contr'  standards  apply 
to  these  materials  ? 

2.  List  some  nonreproducible  raw  materials 
extracted  near  your  city. 

a.  Who  buys  these  materials? 

b.  What  industrial  materials  can  be  made 
by  converting  them  ? 
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Natural  raw  materials  are  first  prepared 
and  changed  into  industrial  materials.  Then 
they  are  processed  further.  Solid  materials 
are  made  into  standard  sizes,  shapes,  and 
weights  {standard  stock).  Liquids  and  gases 
are  processed  . to  get  uniform  {standard 
stock)  properties.  Standard  stock  becomes 
the  "raw”  material  of  other  manufacturers. 
Standard  industrial  stock  is  made  by  a very 
few  large  manufacturers.  The  capital  in- 
vestment (outlay  of  money)  is  very  high 
because  of  the  huge  and  very  special  equip- 
ment needed.  The  volume  '’number  of  prod- 
ucts) of  production  is  very  high  also.  Stand- 
ard stock  is  used  by  other  manufacturers 
to  make  components  (parts)  of  the  many 
products  we  use  each  day. 

Examples  of  Standard  Stock 

Primary  metals  manufacturing  plants 
turn  out  plate,  sheet,  tube,  pipe,  bar,  rod, 
rail,  and  structural  shapes.  Fig.  43-1.  These 
standard  stock  items  are  then  used  in 
plants  where  fabrication  and  assembly  work 
is  done.  Standard  stock  in  metals  is  usually 
formed  in  long  pieces  with  uniform  (the 
same)  cross  section  within  any  one  piece. 

The  capital  investment  in  the  primary 
metals  field  is  very  great.  Recently  a major 
steel  manufacturer  spent  $600  million  to 
expand  his  plant.  You  can  see  why  only  a 
few  firms  can  afford  to  make  standard 
stock. 

Textile  mills  (plants  that  make  cloth)  pro- 
duce bolts  of  broad  woven  cloth,  narrow 
fabrics,  felt,  and  other  standard  stock. 
These  products  arc  used  by  clothing  manu- 
facturers. Long  pieces  with  uniform  cross 
sections  are  made  in  textile  mills  also. 

o 
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Making  Industrial 
Materials  into 
Standard  Stock 

Lumber  mills  produce  lumber  in  standard 
forms.  Think  how  hard  it  would  be  to  build 
a wood  frame  house  with  lumber  from  dif- 
ferent mills  that  do  not  have  standard 
products. 

Paper  mills  make  paper,  paperboard, 
cardboard,  and  fiberboard  in  different  stand- 
ard forms.  These  pages  and  this  book  have 
been  made  from  standard  stock  from  paper 
mills.  Fig.  43-2. 

Producing  Standard  Stock 

You  have  learned  that  standard  stock  is 
made  in  plants  or  mills  that  need  costly 
special  machines.  You  have  also  learned 
that  standard  stock  pieces  are  usually  long, 
with  uniform  cross  section.  Fig.  43-3.  Stand- 
ard stock  of  liquids  and  gases  is  also  uni- 
form, but  it  takes  the  form  of  its  containers. 


Fig.  43-1.  Rails  are  just  one  form  in  which  steel  is 
made  into  standard  stock  by  steel  mills. 
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Some  standard  stock  passes  through  rolls 
or  similar  deformation  (form-changing) 
machines,  Fig.  43-4.  Examples  are  metals 
and  glass.  Other  standard  stock,  like  cloth 
and  lumber,  is  processed  by  very  different 
kinds  of  machines.  Still  other  standard 
stock  like  chemicals,  petroleum,  paper  pulp, 
and  leatfier  is  processed  through  pipes,  vats, 
and  containers. 

Standard  stock  is  made  by  continuous 
process.  Many  of  the  mills  that  make  stand- 
ard stock  are  called  continuous  (process) 
manufacturing  plants.  They  are  not  usually 
thought  of  as  fabricators  of  end  products 
for  personal  consumer  use. 

Some  standard  stock  is  made  to  order  for 
large  fabricating  or  processing  companies. 
Some  is  produced  because  the  manufacturer 
is  sure  of  a steady  demand  for  it.  Product 
designers  of  end-products  depend  a great 
deal  on  makers  of  standard  stock.  They  can 
plan  to  get  such  material  without  designing 
the  material  itself.  This  cuts  the  cost  of 
developing  products. 


Standard  Stock  and  Standard  Parts 

Standard  stock  almost  always  has  to  be 
processed  further  to  be  useful  to  the  man 
on  the  street.  Some  stock  is  made  into  parts 
or  assemblies  such  as  transistors,  shirt 
fronts,  or  bicycle  tires.  Some  is  packaged 
(put  into  containers) ; for  example,  milk, 
shoe  polish,  and  salt. 


Fig.  43-3.  On  the  "dry  end"  of  papermaking  machines, 
a "log"  end  of  paper  of  uniform  cross 
section  and  width  is  taken  off. 


Fig.  43-2.  Paper  pulp  is  being  made  into  a wet  sheet 
on  the  Fourdrinier.  The  Fourdrinier  is  the 
wire  screen  part  of  a papermaking  machine. 


Fig.  43-4.  The  standard  stock  coils  of  steel  (bottom 
of  picture)  come  from  slitting  a larger 
standard  stock  coil  (top  of  picture). 
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Fig.  43-5.  The  open  bins  on  the  left  contain  standard 
parts.  Standard  parts  are  combined  during 
assembly. 


Standard  parts  are  made  from  standard 
stock,  but  they  only  need  to  be  assembled, 
Fig.  43-5.  You  can  go  to  the  hardware  store 
and  buy  nails,  bolts,  or  washers.  Sometimes 
these  items  are  called  standard  stock  items, 
instead  of  standard  parts. 

Liquids,  solids,  and  gases  from  chemical 
and  petroleum  plants  are  used  in  making 
a large  number  of  end  products  (finished 
goods).  Materials  are  also  used  as  solvents 
(liquids  that  can  dissolve  other  substances) 
or  catalysts  (substances  that  speed  up 
chemical  reactions)  in  many  plants. 

Standard  stock  is  also  made  in  the  leather, 
foods,  tobacco,  stone,  clay,  and  glass  indus- 
tries. In  many  cases,  end  products  are  made 
as  the  final  step  in  some  converting 
(change)  process.  Standard  stock  items  in 
a store  should  not  be  confused  with  stand- 
ard stock  from  a basic  or  primary  industry. 


special  plant  buildings  and  machines.  Stand- 
ard stock  is  bought  by  other  manufacturers 
who  make  this  material  into  the  thousands 
of  manufactured  products  we  use  each  day. 
Often  the  large  companies  that  make  stand- 
ard stock  also  make  some  end  products  or 
finished  goods.  The  next  four  readings  cover 
in  greater  detail  some  of  these  activities. 


Terras  to  Know 

standard  stock 

capital  investment 

volume 

components 

fabrication 

assembly 

uniform 

textile  mills 

deformation 

continuous  process 
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converting 


Industrial  Materials 


Through  special  applications  of 


Think  About  It! 


Summary 

Raw  natural  materials  are  prepared  and 
converted  into  industrial  materials.  Then 
these  industrial  materials  are  usually  made 
into  standard  stock.  This  kind  of  manufac- 
turing needs  large  amounts  of  money  for 


1.  What  would  you  have  to  do  if  you  were 
building  a wooden  bench  with  lumber 
from  mills  that  had  not  standardized 
their  stock  ? 

2.  What  kinds  of  standard  stock  were  used 
in  the  manufacture  of  your  shoes?  your 
shirt?  your  kitchen  chairs? 
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story  of  Primary 
Metal  Products 


The  next  four  readings  will  outline 
broadly  some  of  our  largest  industries. 
They  are  often  called  primary  industries 
because  they  do  the  first  processing  of  raw 
materials.  After  primary  industries  change 
raw  materials  into  standard  stock,  other 
manufacturers  process  the  stock  further  to 
make  end  (finished)  products,  Fig.  44-1. 

In  each  of  these  industries,  look  for  the 
management  jobs  of  research,  product  de- 
velopment, process  planning,  and  process 
controlling.  Look  also  for  the  jobs  which 
obtain  the  raw  materials  from  nature,  re- 
fine and  bulk  these  materials,  convert  them 
to  industrial  material,  and  form  them  into 
standard  stock. 


used  in  homes,  offices,  and  schools  are  made 
mostly  of  metals.  Fig.  44-2.  The  tools  and 
machines  used  to  produce  other  metal  prod- 
ucts, chemicals,  petroleum  products,  textiles, 
wood  products,  plastics,  and  agricultural 
goods  are  also  made  largely  of  metals. 

This  reading  will  deal  with  the  mining  and 
processing  of  metals  i extractiny,  refinmQ, 
and  converting  ores,  together  with  prelim- 
inary (beginning)  shaping  operations.^  The 
output  is  usually  standard  stock.  This  in 
turn  becomes  the  “raw”  material  for  other 
metals  manufacturers. 


Raw  Materials 


The  Primary  Metals  Industry 

Metals  are  very  important  to  modern  in- 
dustrial countries.  Many  of  the  products 


Chemists  and  physicists  have  shown  that 
all  materials  are  made  up  of  elements.  There 
are  about  a hundred  different  elements.  In 
most  materials  in  nature,  there  are  several 
elements  in  combination.  Metals  are  most 


Pig.  44-1.  Primary  metals  were  used  in  the  construction 
of  this  modern  building. 


Pig.  44-2.  This  is  cn  example  of  a geodesic  dome 
designed  and  built  of  aluminum. 
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useful  to  industry  as  pure,  or  nearly  pure, 
elements.  Two  pure  metals  can  be  combined 
to  form  another  useful  material  called  an 
alloy. 

The  large  amounts  of  pure  metals  pro- 
duced today  come  from  metal  ores.  These 
ores  are  compounds  of  metals  a,nd  other 
elements,  usually  oxygen  or  sulphur.  The 
iron  ores  are  compounds  of  iron  and  oxygen 
(iron  oxide).  Some  of  these  iron  ores  have 
special  names  such  as  “hematite,  limo- 
nite,”  or  “taconite.”  Copper  is  found  in  na- 
ture combined  with  sulphur.  In  a handful 
of  common  dirt  or  clay  there  is  a large 
percentage  of  aluminum.  Aluminum  is  found 
combined  with  silicon  and  oxygen.  Seawater 
is  the  source  of  magnesium  compounds. 

To  process  the  metal  ore,  other  raw  ma- 
terials are  needed  for  primary  metals  pro- 
duction. Iron  and  steel  need  large  amounts 
of  coal,  limestone,  water,  and  oxygen.  Figs. 
44-3  and  444.  Aluminum  refining  needs 
large  amounts  of  electrical  energy. 


Fig.  44-3.  The  coal  taken  from  this  mine  will  be  fed 


into  a blast  furnace  to  help  make  iron  and 
steel. 


Primary  Metal  Products 

These  raw  materials  are  then  made  into 
standard  metal  stock.  The  most  important 
products  are  sheet  and  strip,  plate,  bar,  rod, 
wire,  tube,  pipe,  structural  shapes,  and  rails. 
Metal  stock  usually  is  made  with  standard 
dimensions  (cross  sections,  thicknesses,  and 
lengths).  It  is  called  standard  stock. 


Primary  Metal  Processing 

Primary  metals  processing  is  divided  into 
three  steps.  These  steps  are  (1)  refining 
the  ore,  (2)  converting  it  to  pure  metals 
and  alloys,  and  (3)  forming  it  into  standard 
stock. 

There  are  more  than  70  metallic  elements. 
About  40  of  these  are  processed  by  indus- 
tries. Only  nine  are  processed  in  large 
amounts  for  use  as  pure  metals  or  as  the 
main  metal  in  an  alloy.  Other  metals  are 
refined  mainly  for  plating  or  alloying  with 
other  metals. 

Most  metal  ores  are  gotten  by  mining. 
They  are  usually  obtained  by  open-pit  oper- 
ations. However,  magnesium  is  converted 
from  seawater.  Some  refining  of  the  ore 


Fig.  44-4.  This  coke  is  on  its  way  to  the  blast  furnace 
to  help  make  iron  and  steel. 
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may  be  needed  to  take  out  unwanted  min- 
erals called  gangue  (pronounced  like  gang). 

After  extraction  and  refining,  most  ores 
are  metal  oxides.  Copper  ore  (copper  sul- 
phide) is  roasted  to  produce  copper  oxide. 
(Sulphuric  acid  is  an  important  by-product 
of  this  roasting  process.) 

Metal  oxide  usually  is  changed  to  pure 
metal  by  a chemical  process  called  reducing. 
Most  metals  are  reduced  in  a blast  furnace. 
The  ore,  limestone,  and  coal  or  coke  are  put 
into  the  top  of  a tall  cylindrical  stack.  Air 
for  burning  the  coal  or  coke  comes  into  the 
stack  near  the  bottom.  Part  of  the  carbon  in 
the  coal  or  coke  combines  with  the  oxygen 
in  the  ore.  The  metal  in  the  ore  collects  as 
a liquid  in  the  bottom  of  the  stack.  The 
limestone  melts  and  forms  a slag  (rough 
hard  waste)  on  the  surface  of  the  metal. 
Many  impurities  like  gangue  dissolve  in  the 
limestone  and  the  ash  from  the  coal  or  coke. 
Many  by-products  come  from  this  process. 


Fig.  44-5.  Molten  iron  rushes  from  a blast  furnace 


through  a series  of  clay-lined  runners  into 
a "submarine"  that  is  used  to  transport  the 
molten  metal. 


Aluminum  is  changed  by  a different  proc- 
ess called  electrolysis  (passing  electricity 
through  a special  liquid).  Sometimes  elec- 
trolysis is  also  used  for  purifying  (improv- 
ing the  purity  of)  copper  and  some  other 
metals. 

Iron  and  steel  account  for  about  90  per- 
cent of  the  tonnage  of  all  metals  produced. 
As  molten  (melted)  iron  comes  from  the 
blast  furnace,  it  contains  carbon  and  silicon 
in  dissolved  form.  Fig.  44-5.  It  becomes  solid 
in  its  crude  form  {pig  iron) . 

The  pig  iron  is  used  to  make  castings  (cast 
iron,  gray  iron,  malleable  iron).  But  iron 
with  too  much  carbon  is  too  brittle  to  be 
forged,  rolled,  or  put  through  other  defor- 
mation  (form-changing)  processes. 

The  carbon  and  silicon  may  be  taken  out  of 
the  pig  iron  in  an  open-hearth  furnace,  an 
electric  furnace,  or  by  a new  process  that 
uses  a basic  oxygen  furnace.  Fig.  44-6.  The 
product  that  comes  from  any  of  these  fur- 
naces is  purer  than  the  iron  from  the  blast 
furnace.  It  is  now  called  steel.  Some  carbon 
is  left  in  to  give  the  steel  greater  strength 


Fig.  44-6.  Hot  pig  iron  from  the  blast  furnace  is 

being  poured  into  an  open-hearth  furnace. 
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than  pure  iron.  Most  steel  is  then  cast  to 
make  ingots.  Figs.  44-7  and  44-8. 

Ingots  of  steel  or  other  metals  are  made 
into  standard  stock  by  deformation  process- 
ing. Hot  rolling  is  done  by  passing  a red-hot 
ingot  between  rollers.  These  rollers  are  set 
closer  together  than  the  thickness  of  the  in- 
got, Figs.  44-9  and  44-10.  After  passing  be- 
tween several  sets  of  rollers,  the  ingot  is 
called  a hlooni  or  a slab,  Fig.  44-11.  Slabs 
are  further  rolled  to  make  plate  and  sheet. 
Blooms  are  further  rolled  to  make  billets, 
bars,  and  rods.  Billets  are  further  rolled  or 
draion  to  make  structural  shapes  or  wire. 

Some  metals  can  be  shaped  by  extruding. 
The  hot  metal  is  forced  through  a shaped 
hole  (die)  in  much  the  same  way  as  tooth- 
paste is  squeezed  from  a tube.  This  process  is 
most  important  for  aluminum  and  copper. 

Most  sheet  steel  is  finished  by  cold  rolling. 
This  makes  better  surface  finish  and  sheets 
with  more  correct  dimensions  than  hot  roll- 
ing, Fig.  44-12.  Much  of  the  sheet  steel  also 
is  plated  with  zinc,  aluminum,  or  lead  so 
that  It  won’t  corrode  (wear  away) . 


Fig.  44-7.  A ladle  of  molten  steel,  hot  from  an 

open-hearth  furnace,  is  being  poured  into 
ingot  molds. 


Fig.  44-8.  Molds  are  stripped  from  the  ingots. 


Fig.  44-9.  Ingots  are  reheated  at  about  2200°F.  in  a 
soaking  pit.  They  are  kept  at  that 
temperature  from  four  to  eight  hours  to 
heat  them  all  to  the  same  temperature. 


Fig.  44-10.  A hot  steel  ingot  is  put  into  place  in  the 
blooming  mill. 
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Fig.  44-11.  An  ingot  is  being  rolled  into  a bloom  in  a 
blooming  mill. 


Fig.  44-12.  This  machine  is  cold-rolling  steel  sheets. 
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Product  Design  and  Development 

Iron  and  steel  are  produced  in  large  quan- 
tities because  they  are  strong  metals.  Ores 
are  plentiful,  and  converting  and  shaping 
these  ores  is  not  too  hard  to  do.  Other  metals 
are  harder  to  get  and  to  process. 

Product  designers  in  other  industries  and 
engineers  in  primary  metals  have  done  a lot 
for  each  other.  Most  standard  stock  is  made 
to  meet  the  needs  of  other  industries,  Fig.  44- 
13.  The  primary  metals  engrineers  have  made 
many  new  standard  stock  forms.  These  new 
forms  in  turn  have  led  to  new  products.  One 
of  the  newest  of  these  in  steel  foil. 

The  primary  metals  industry  does  a great 
deal  of  research  to  develop  new  alloys.  Alloys 
often  make  new  products  possible.  Jet  en- 
gines and  space  capsules  could  not  have  been 
built  without  alloys  developed  in  the  last  25 
years. 


Fig.  44-13.  These  are  rolls  of  sheet  steel  in  storage 
ready  for  use. 
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Process  Engineering 

Most  process  developments  have  tried  to 
cut  down  costs  or  improve  quality.  The  steel 
made  today  is  like  the  steel  made  700  years 
ago.  At  that  time  only  kings  could  afford 
metal  products.  Today  in  the  United  States, 
enough  steel  is  made  each  year  to  give  each 
person  in  the  country  more  than  1000 
pounds. 

Titanium  is  becoming  an  important  metal 
because  improved  processing  has  been  made 


Fig.  44-14.  Trained  employees  keep  a watchful  eye 
on  the  steel  as  it  is  made. 


Fig.  44-15.  An  inspector  checks4"  flats  on  the  cooling 
bed  to  see  how  precisely  they  have  been 
made. 


cheaper.  There  is  plenty  of  titanium  ore,  but 
it  could  not  be  converted  cheaply  until 
recently.  It  took  the  combined  efforts  of 
chemists,  electrical  engineers,  metallurgists 
(people  who  study  the  separation  of  metals 
from  thoir  ores),  and  industrial  engineers  to 
find  a cheap  conversion  process  for  this  ore. 

In  the  United  States,  the  steel  industry  is 
now  processing  low-grade  taconite  ores. 
These  ores  have  only  about  25  percent  iron 
oxide  in  them.  New  ways  have  been  devel- 
oped to  refine  and  pelletize  (make  into  small 
particles)  the  ores.  Without  these  new 
methods,  the  cost  of  steel  would  be  much 
higher. 

Engineers  have  also  developed  many 
new  ideas  for  process  control.  For  example, 
as  sheet  metal  is  rolled,  the  thickness  is  con- 
stantly measured  by  a beta-ray  gage.  The 
output  of  this  gage  controls  the  spacing  be- 
tween the  rollers. 


Personnel 

There  are  still  some  unskilled  jobs  in  the 
primary  metals  industry,  but  most  workers 
are  at  the  semiskilled,  skilled,  or  professional 
level.  Semiskilled  workers  include  mainte- 
nance men,  machine  operators,  and  inspec- 
tors, Figs.  44-14  and  44-15.  Skilled  workers 
include  rolling-mill  operators,  laboratory 
technicians,  and  toolmakers.  Professional 
workers  include  chemists,  metallurgists,  and 
engineers. 


Summary 

The  primary  metals  industry  is  very  im- 
portant. Raw  materials  (ores)  are  mined, 
refined,  and  converted  to  produce  pure 
metals.  Research  and  development  have  come 
up  with  new  alloys,  processes,  and  products. 
Costs  have  been  cut  down,  and  quality  has 
improved.  Most  converting  operations  are 
done  at  steel  plants  where  rolling,  forging, 
and  other  deformation  operations  are  used 
to  make  standard  stock  forms.  These  include 
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bar,  rod,  wire,  pipe,  sheet,  plate,  and  struc- 
tural shapes.  Iron  and  steel  are  the  most  im- 
portant of  all  the  metals. 


Terms  to  Know 

primary  industries 

end-  (finished)  products 

obtain 

refine 

bulk 

convert 

form 

extracting 

refining 

converting 

preliminary 

shaping 

elements 

alloy 

ores 

iron  ores 

copper 

aluminum 

magnesium 

standard  dimensions 

standard  stock 

open-pit  operations 

gangue 

roasted 

by-product 

reducing 

slag 

electrolysis 


purifying 

molten 

pig  iron 

castings 

deformation 

steel 

ingots 

hot  rolling 

bloom 

slab 

billets 

drawn 

extruding 

die 

finished 
cold  rolling 
plated 
corrode 
titanium 
metallurgists 
pelletize 
beta-ray  gage 
steel  foil 
research  and 
development 


Think  About  It! 

1.  How  do  you  think  product  designers  help 
in  the  making  of  steel  foil? 

2.  Why  are  research  and  development  per- 
sonnel important  to  the  iron  and  steel  in- 
dustry? 


Primary  Metal  Standard  Stock 
Manufacturing  System 


Finished  (end)  products 
Manufacturing 
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Textile  (cloth)  mill  products  are  one  kind 
of  standard  stock  made  by  a 'primary  (basic) 
industry  for  other  industries.  Textiles  con- 
tribute to  man’s  clothing,  shelter,  and  trans- 
portation as  well  as  to  his  luxuries.  Because 
textiles  are  used  in  so  many  ways,  they  are 
very  important.  This  reading  will  show  how 
these  common  but  very  important  products 
are  made. 

The  Textile  Mill  Industry 

Textiles  are  made  in  about  7,500  mills  in  42 
states.  More  than  half  of  America’s  textile 
mills  are  in  North  and  South  Carolina.  Many 
more  are  in  Alabama,  Georgia,  Tennessee, 
Virginia,  Texas,  and  the  New  England 
states.  Some  of  these  mills  make  cloth  and 
then  turn  it  into  an  end-product  like  towels  or 


Story  of  Textile 
Mill  Products 

sheets.  Most  mills  make  only  yarn  or  cloth  in 
standard  lengths  and  sizes.  American  mills 
make  cloth  at  a rate  of  nearly  15  miles  per 
minute.  This  is  about  15  billion  square  yards 
of  cloth  per  year.  This  is  enough  cloth  to 
wrap  a strip  one  yard  wide  around  the  earth 
340  times. 


Raw  Materials 

Textile  manufacturing  starts  with  fibers. 
For  hundreds  of  years  the  fibers  used  were 
tvool  and  cotton,  and  sometimes  flax  and 
silk.  Today  about  one-half  the  fiber  used  for 
textile  products  is  cotton.  Figs.  45-1  and  45- 
2.  Man-made  {synthetic)  fibers  run  second. 
Wool  accounts  for  five  percent  and  silk  less 
than  one  percent. 
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Cotton  grows  in  the  southern  and  western 
states,  Fig.  46-3  and  46-4.  The  cotton  boll  is 
picked  from  the  cotton  plant  by  hand  or  by 
automatic  cotton  pickers,  Figs.  46-6  and  45-6. 
Then  the  cotton  goes  to  the  gin  where  the 


Fig.  45-5.  This  cotton  is  ready  for  harvest.  It  is  picked 
by  a cotton  picker. 


Fig.  45-4.  This  is  the  cotton  boll  before  opening 
Heft)  and  after  opening  (right). 


Fig.  45-6.  This  cotton  is  ready  for  the  ginning 
operation. 
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seeds  are  removed.  Next  it  is  packed  into 
500-pound  bales  for  shipment  to  the  textile 
mills,  Fig.  45-7  and  45-8. 

Natural  fibers  are  harvested  from  plants 
or  animals.  Synthetic  fibers  are  man-made 
by  chemical  processes.  These  fibers  may  be 


Fig.  45-7.  This  machine  separates  cotton  fibers  from 
the  seeds  in  ginning  cotton. 


Fig.  45-8.  Cotton  is  packed  into  bales  for  shipment. 


made  from  wood  pulp,  oil,  coal,  glass,  or 
other  chemicals.  The  fibers  are  made  by 
forcing  liquid  through  holes  in  a nozzle 
called  a spinneret.  They  may  be  made  as 
filament  (continuous  fiber),  or  as  staple 
(cut  into  lengths).  Man-made  fibers  are 
usually  blended  with  cotton  or  other  natural 
or  man-made  fibers.  This  blend  of  fibers  is 
better  than  either  fiber  alone. 


Textile  Products 

Products  of  the  textile  mill  include  yam 
and  cloth  in  the  form  of  standard  stock.  The 
cloth  is  made  by  weaving  (blending  fibers 
together) . The  cloth  may  be  broad-woven  or 
narrow-woven.  Textile  mill  products  may 
also  be  knitted.  Most  products  of  knitting 
mills  are  finished  products  like  hosiery. 

Textiles  are  made  into  thousands  of  kinds 
of  finished  products.  The  clothing  that  people 
wear  is  made  from  textiles.  Much  of  the  fur- 
niture coverings  used  in  homes  are  also  made 
from  textiles.  In  an  automobile,  textiles  are 
used  for  the  upholstery,  the  inside  top  lining, 
the  inner  cord  of  the  tires,  the  carpeting, 
the  water  hose,  and  the  covering  for  elec- 
tric wires.  Industry  uses  textiles  for  convey- 
or belts ; pipelines  and  storage  tanks  for  oil 
and  other  liquids;  heavy-duty  belts  for  ma- 
chinery; filters  for  chemicals;  tarpaulins; 
uniforms ; helmets ; and  footwear.  The  space 
program  uses  textiles  for  the  astronauts’ 
suits  and  parachutes.  The  military  must  have 
uniforms,  bedding,  tents,  truck  covers,  life 
rafts,  bulletproof  vests,  flags,  fire  hose,  and 
parachutes. 

If  you  look  around,  you  will  see  many 
other  uses  for  textilej;.  Awnings  on  houses, 
raincoats,  golf  bags,  gun  cases,  book  bags, 
book  bindings,  and  the  American  flag  are  all 
textile  products. 

Processing 

There  are  many  steps  in  making  raw  fiber 
into  cloth.  We  will  follow  these  steps  through 
a textile  mill. 
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The  first  takes  place  in  the  opening  room. 
Here  bales  of  cotton  or  other  fibers  are 
opened  and  placed  in  the  opening  machine, 
Fig.  45-9.  This  machine  fluffs  the  fibers,  re- 
moves dirt,  and  blends  two  or  more  kinds  of 
fiber.  The  fibers  come  from  the  opening  ma- 
chine in  small  fluffs.  These  are  carried  by 


Fig.  45-9.  At  the  textile  mill  the  bales  of  cotton  are 
opened  and  placed  in  these  opening 
machines. 


Fig.  45-10.  A cleaning  machine  called  a picker  cleans 
and  makes  a uniform  sheet  of  picker  lap. 


air  to  a machine  called  a picker.  The  picker 
beats  the  fibers  to  clean  them  further.  Then 
it  forms  them  into  a uniform  sheet  called  a 
picker  lap,  Fig.  45-10.  Then  the  card  ma- 
chine combs  the  fibers  and  forms  them  into 
a web.  The  web  is  rolled  into  a ropelike 
strand  called  a sliver,  Fig.  45-11. 

Strands  of  sliver  are  fed  into  a drawing 
frame  which  draws  and  stretches  the  fibers 
and  makes  them  parallel  (side-by-side).  It 
then  forms  many  strands  of  sliver  into  one 
strand.  Fig.  45-12.  These  are  fed  into  a rib- 


Fig.  45-11.  This  carding  machine  combs  the  cotton 
fibers  and  forms  them  into  a strand. 


Fig.  45-12.  These  strands  of  sliver  are  going  into  a 
drawing  frame.  This  operation  forms 
strands  of  sliver  into  one  strand  and  makes 
the  strands  parallel. 
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hon  lap  machine.  It  combines  strands  of 
sliver  into  a ribbon  lap  and  winds  it  into  a 
roll.  Eight  rolls  of  ribbon  lap  are  fed  into  a 
comber.  It  combs  out  the  short  fibers  and 
makes  the  long  fibers  parallel,  Fig.  45-13.  On 
the  roving  frame  the  fibers  are  then  re- 
duced in  size  and  given  a slight  twist  for 
strength,  Fig.  45-14.  Finally,  on  the  spin- 
ning frame  the  fibers  are  stretched  further. 
Then  they  are  twisted  10  to  30  turns  per  inch 
to  form  yarn.  The  yarn  is  wound  on  bobbins, 
Fig.  45-15. 

Even  after  this  long  process,  the  yarn  is 
not  ready  to  be  made  into  cloth.  The  bobbins 
of  yarn  must  go  to  a spooler.  Here  they  are 
wound  onto  cheeses  to  form  a package  of 
yarn.  The  cheeses  go  to  a warper.  Here  hun- 
dreds of  separate  strands  are  wound  onto  a 
large  spool  called  a beam.  The  beams  go  to  a 
slashing  machine.  Here  the  yarn  is  treated 
with  a hot  solution  of  starch,  wax,  oils,  and 
water  to  strengthen  it.  It  then  travels  over 
hot  pressurized  cans  for  drying.  Finally,  it 
is  wound  onto  a huge  beam  or  roll. 


Fig.  45-14.  On  this  roving  frame,  single  slivers  are 

passed  between  a series  of  rollers.  They 
are  greatly  reduced  in  size  and  then 
wound  on  bobbins. 


Fig.  45-13.  Eight  rolls  of  ribbon  lap  are  fed  into  a 

comber.  This  machine  combs  out  the  short 
fibers  and  leaves  only  the  longest  and 
strongest.  These  are  then  formed  into  one 
strand  of  sliver. 


Fig.  45-15.  The  fibers  are  stretched  further.  Then  they 
are  twisted  10  to  30  times  per  inch  to 
form  yarn.  The  yarn  is  then  wound  onto 
bobbins  on  the  spinning  frame. 
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At  last  the  yarn  is  ready  to  be  woven  into 
cloth,  Fig.  45-16.  The  most  common  kinds  of 
cloth  are  woven  on  a shuttlcless  looM.  Com- 
plicated patterns  are  woven  on  a jacquard 
loom.  Carpets  and  bedspreads  are  made  on 
special  tufting  machines.  Much  of  the  yarn 
is  processed  by  knitting  machines  to  make 
goods  like  undershirts  and  hosiery. 

Although  the  cloth  is  now  woven,  it  must 
still  be  finished.  It  is  first  washed  and 
bleached  (made  white) . Some  of  it  is 
then  dyed  solid  colors.  Some  of  it  is  printed 
with  different  patterns.  Usually  the  cloth  is 
then  processed  so  it  will  not  shrink  when  it 
is  washed. 


Research  and  Development 

The  textile  industry  is  always  working  to 
develop  new  methods,  finishes,  and  products. 
Teams  of  research  scientists  work  in  labora- 
tories trying  out  new  ideas.  They  have  de- 
veloped synthetic  fibers  and  stretch  yarns. 
Recently,  scientists  have  learned  that  nu- 
clear radiation  is  useful  in  making  cloth  that 
,will  not  rot  and  mildew. 
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The  choice  of  new  colors,  patterns,  and  de- 
signs for  cloth  is  also  important.  New  dyes 
are  always  being  developed  and  tested.  Thou- 
sands of  designs  are  drawn  each  year.  Of 
these,  only  the  finest  are  picked  to  go  into 
the  product  that  will  be  sold  to  the  customer. 


Process  Engineering 

Process  engineering  plans  and  controls  the 
different  processing  steps.  It  also  tests  the 
end-product  to  see  if  it  is  as  good  as  it  should 
be.  Electronic  computers  are  used  for  their 
speed  and  efficiency.  For  example,  the  elec- 
tronic color-mixture  computer  picks  out  the 
right  combination  of  colors.  The  digital 
fibrograph  measures  length  and  uniformity 
(sameness)  of  fibers. 


Personnel 

Nearly  a million  people  work  in  textile  mills. 
Some  workers  are  unskilled,  like  those  who 
move  and  open  bales.  Many  are  semiskilled 
workers,  like  those  who  run  the  many  ma- 
chines and  looms.  Fig.  45-17.  Others  are 


Fig.  45-17.  These  women  are  inspecting  the  finished 
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creative,  like  those  who  design  patterns  or 
conduct  research.  Some  are  management  per- 
sonnel who  oversee  the  many  processes  or 
work  with  computer  data. 

Since  the  textile  industry  grows  every 
year,  the  need  for  workers  is  always  grow- 
ing. Many  plants  have  training  programs  for 
workers.  Training  in  management  and  in 
textile  science  and  technology  is  carried  on 
at  special  textile  schools. 


Summary 

Most  textile  mills  are  located  in  the  south- 
eastern United  States  and  in  the  New  Eng- 
land states.  About  one-half  of  the  fiber  used 
for  textile  products  is  cotton.  Man-made 
(synthetic)  fibers  run  second.  Textile  fibers 
are  a basic  kind  of  standard  stock. 

New  processes  and  new  products  that 
were  not  known  even  ten  years  ago  are  now 
common.  Clearly,  textile  mill  products  are 
necessary  for  comfort  and  health  in  every- 
thing we  do. 


Terms  to  Know 

textile 

sliver 

primary 

parallel 

fibers 

ribbon  lap 

wool 

comber 

cotton 

roving  frame 

flax 

spinning  frame 

silk 

bobbins 

synthetic 

spooler 

boll 

cheeses 

gin 

warper 

bales 

beam 

spinneret 

slashing  machine 

filament 

shuttleless  loom 

staple 

jacquard  loom 

yarn 

tufting  machines 

cloth 

knitting  machines 

weaving 

bleached 

picker 

dyed 

picker  lap 

digital  fibrograph 

card  machine 

uniformity 

strand 

Textile  Mill  Standard  Stock 
Manufacturing  System 


Finished  (end)  products 
Manufacturing 


% 


5-,’ 


fr; 

^J' 

<*l’ 

■ft-; . 


r; 

'i'j 


Story  of  Textile  Mill  Products  289 


Think  About  It! 

1.  Why  do  you  suppose  that  nearly  half  of 
America’s  textile  mills  are  located  in 
North  and  South  Carolina? 


2.  How  many  textile  products  do  you  have 
in  your  home?  How  many  of  them  are  nat- 
ural fiber  products?  How  many  are  syn- 
thetic? 
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Petroleum  is  one  of  man’s  most  important 
sources  of  fuel.  It  is  also  very  important  as 
a raw  material  in  making  many  other  prod- 
ucts. Chemical  companies,  drug  manufactur- 
ers, and  many  other  manufacturers  use  pe- 
troleum products  as  raw  materials.  In  this 
reading  you  will  learn  about  the  nature  and 
origin  of  petroleum  and  about  the  kinds  of 
products  that  are  made  from  petroleum.  You 
will  learn  how  petroleum  is  found,  extracted, 
transported,  and  refined.  You  will  learn 
about  research  and  development  and  other 
jobs  open  in  the  petroleum  industry. 


Story  of  Petroleum 
Products 

plants  served  as  food  for  the  animal  life  of 
the  sea.  As  the  small  animals  died,  they  set- 
tled to  the  ocean  bottom  and  lay  there  until 
fine  dirt  covered  them.  Bacteria  changed  the 
animal  remains  (organic  matter)  into  fatty, 
waxy,  and  gas-like  substances.  As  more 
sediment  (fine  dirt)  collected,  the  droplets 
of  oil  and  bubbles  of  gas  were  squeezed  into 
porous  rock  (filled  with  tiny  holes)  such  as 
sandstone.  This  is  where  collections  of  oil  and 
gas  are  found  today. 

Petroleum  Products 


Crude  Oil— the  Raw  Material 

The  word  petroleum  means  rock  oil.  Liquid 
petroleum  was  first  given  this  name.  Pe- 
troleum is  found  in  the  rocks  of  the  earth 
as  a gas,  a liquid,  and  a semisolid.  Liquid 
petroleum  is  called  crude  oil.  It  is  the  most 
important  form.  Petroleum  gas  is  called 
natural  gas.  The  semisolid  forms  are  known 
as  asphalt  or  pitch. 

Crude  oils  differ  a lot  in  their  makeup, 
color,  viscosity  (thickness),  and  other  fea- 
tures. A crude  oil  is  really  a mixture  of  sev- 
eral oils.  Each  oil  is  a slightly  different 
hydrogen-and-carbon  compound.  There  may 
also  be  small  amounts  of  nitrogen,  oxygen, 
carbon  dioxide,  and  sulphur  in  crude  oil. 


Origin  of  Petroleum 

The  crude  oil  and  natural  gas  found  today 
were  formed  millions  of  years  ago.  In  past 
ages,  much  of  what  today  is  dry  land  was 
covered  by  the  oceans.  Plants  living  in  these 
oceans  got  their  energy  from  the  sun.  These 


As  many  as  half-a-million  different  mole- 
cules (smallest  parts  of  chemical  cpm- 
pounds)  may  be  separated  or  made  from 
natural  gas  and  crude  oil.  Each  of  these 
molecules  may  be  used  to  make  some  kind  of 


Fig.  46-1.  This  petrochemical  plant  changes  and 
refines  raw  materials  into  more  usable 
products. 
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product.  Thus  the  importance  of  petroleum 
as  a raw  material  can  easily  be  seen.  In  the 
United  States,  about  85  percent  of  all  crude 
oil  processed  by  refineries  is  made  into  fuels 
like  gasoline,  liquefied  gas,  diesel  fuel,  coke, 
fuel  oil,  jet  fuel,  and  kerosene.  The  other 
16  percent  is  used  for  chemical  raw  mate- 
rials, carbon  black,  lubricants,  waxes,  as- 
phalts, petroleum  jelly,  and  solvents.  The 
chemical  raw  materials  (petrochemicals) 
are  “building  blocks”  used  to  make  syn- 
thetic rubber,  insecticides,  plastics,  deter- 
gents, synthetic  fibers,  drugs,  and  many 
other  products.  Fig.  46-1. 

Extracting  Crude  Oil 


Fig.  46-3.  This  is  an  offshore  drilling  rig  in  operation. 


The  petroleum  industry  has  special  prob- 
lems in  extracting  raw  materials.  Coal,  air, 
water,  clay,  sand,  and  ores  (raw  materials 
for  primary  metals  and  the  chemical  indus- 
tries) are  found  on  or  near  the  surface  of  the 
earth.  Crude  oil  may  be  found  as  far  as  four 
miles  beneath  the  surface.  Wells  are  located 
on  land.  Fig.  46-2,  or  they  are  drilled  in  off- 
shore locations.  Fig.  46-3. 

Geologists  are  employed  to  prospect  (look) 
for  petroleum.  Once  petroleum  has  been 
found,  the  land  is  leased.  Then  a well  is 
drilled.  Figs.  46-4  and  46-6.  A well  drilled  on 


Fig.  46-4.  A driller  guides  the  drill  bit  into  the  hole. 


Fig.  46-5.  As  a well  gets  deeper,  new  sections  are 
added  to  the  pipe  that  turns  the  drill  bit. 
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land  where  oil  is  not  now  being  produced  is 
called  a wildcat  well.  If  oil  or  gas  is  found  in 
large  enough  quantities,  it  becomes  a produc- 
ing well.  If  it  produces  no  oil  or  gas,  it  is 
called  a dry  hole. 

When  a well  gets  to  an  oil  or  gas  pool,  the 
petroleum  engineer  extracts  it  in  the  best 
way.  If  the  underground  pressure  is  not  high 
enough,  pumps  are  used  to  draw  or  force  the 
petroleum  up  the  well. 

The  petroleum  comes  up  to  the  surface  in 
a foamy  mixture  of  oil  and  gas.  Then  the 
natural  gas  is  separated  from  the  crude  oil. 
The  crude  oil  is  sent  to  storage  or  to  a re- 
finery. The  natural  gas  is  sold  as  fuel  or  as 
raw  material  to  petrochemical  plants. 


Transporting  Crude  Oil 

Crude  oil  is  a liquid.  Thus  it  can  be  moved 
easily  in  several  different  ways.  Pumping 
crude  oil  through  pipelines  is  the  main  way 
of  getting  it  from  the  well  to  the  refinery. 
Figs.  46-6  and  46-7.  Crude  oil  may  also  be 
transported  to  the  refinery  in  large  ocean 
tankers,  barges,  railroad  tank  cars,  or  tank 
trucks. 


Fig.  46-6.  Pipe  must  be  laid  to  transport  the  crude  oil. 


Refining  Crude  Oil 

Crude  oil  cannot  be  used  in  the  form  it 
comes  from  the  earth.  It  must  be  put  through 
improving  and  changing  processes.  These  are 
called  refining  processes  in  the  petroleum 
industry.  The  molecules  of  crude  oil  have 
different  numbers  of  hydrogen  and  carbon 
atoms  set  up  in  many  different  patterns. 
Those  molecules  with  many  carbon  atoms 
make  up  the  thicker  forms  of  petroleum  like 
asphalt.  Those  with  fewer  carbon  atoms 
make  up  the  thinner  forms  like  gasoline. 

The  molecules  of  crude  oil  can  be  sepa- 
rated according  to  their  size  and  weight. 
This  is  done  by  a special  kind  of  distilling. 
This  process  separates  the  crude  oil  into 
fractions:  gases,  gasoline,  kerosene,  and  oils 
of  different  weight.  The  fractions  of  crude 
oil  have  different  boiling  points.  They  can  be 
separated  by  heating  the  crude  oil  until  it 
becomes  a vapor.  Then  it  is  cooled.  Each 
fraction  becomes  a liquid  at  a different  tem- 
perature. This  is  done  in  a “fractionating” 
tower.  The  different  fractions  are  then 
drawn  off  from  the  tower  at  different  levels. 
They  leave  the  tower  separately  for  further 
processing  somewhere  else. 


Fig.  46-7.  This  barge  is  laying  pipe  which  will  carry 

oil  from  the  offshore  well  to  a storage  site. 
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Crude  oil  usually  has  some  fractions,  such 
as  gasoline,  in  small  quantities.  These  are  too 
small  to  meet  the  needs  of  customers,  so  a 
process  called  cracking  is  used  to  get  larger 
amounts  of  the  thinner  fractions  from  the 
thicker  fractions.  Thermal  cracking  uses 
heat  and  pressure  to  break  larger  molecules 
into  smaller  ones.  Cracking  often  uses  a cat- 
alyst which  speeds  up  the  breakdown  of  the 
larger  molecules.  Cracking  helps  the  refiner 
get  much  more  gasoline  from  each  barrel  of 
crude  oil.  It  also  helps  to  form  many  new 
compounds. 

There  is  a process  in  which  a number  of 
small  molecules  are  joined  to  form  a single 
large  molecule.  It  is  the  reverse  of  cracking 
and  is  called  polymerization.  Cracking  and 
polymerization  are  two  of  the  most  important 
processes  used  to  make  many  different  pe- 
troleum products. 


Research  and  Development 

Research  and  development  of  new  products 
are  important  to  the  petroleum  industry. 
Petroleum  is  a very  useful  raw  material. 
Much  research  is  done  to  develop  new  com- 
pounds that  will  have  many  possible  uses. 
Researchers  have  developed  many  new  prod- 
ucts which  either  improved  or  replaced 
products  on  the  market.  They  have  also  de- 
veloped many  which  could  only  be  gotten 
from  other  raw  materials. 


Fig.  46-8.  This  refinery's  storage  site  has  45  tanks. 


r>  r\ 

OUrt 


Process  Engineering 

The  United  States  produces  over  four  bil- 
lion barrels  of  crude  oil  each  year,  Fig.  46-8. 
This  is  possible  only  because  new  ways  have 
been  developed  to  get  the  oil  from  the  rock 
and  sand  and  to  bring  it  to  the  surface.  As 
much  as  50  percent  of  the  oil  can  be  gotten 
from  pools  that  would  give  up  only  10  per- 
cent or  less  if  they  were  allowed  to  flow  nat- 
urally. Many  old  or  deserted  oil  fields  have 
been  reopened  with  these  new  methods. 

Suppose  a new,  useful  product  has  been 
developed  in  the  laboratory.  Then  a manufac- 
turing system  must  be  designed  to  produce  it. 
This  includes  the  design  and  construction  of 
plants,  production  machinery  and  equipment, 
and  moving  (transporting)  and  shipping 
(distributing)  systems.  After  a production 
system  has  been  set  up,  changes  and  im- 
provements are  always  needed  in  order  to 
improve  efficiency  and  the  quality  of  the 
product.  The  use  of  the  quality  control  meth- 
ods and  automated  machinery  are  very 
important. 


Fig.  46-9.  This  geologist  is  collecting  samples  of  the 
earth. 
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Careers  in  the  Petroleum  Industry 

There  are  almost  as  many  jobs  in  the 
petroleum  industry  as  there  are  products 
made  from  oil  or  gas.  People  are  needed  to 
find,  extract,  transport,  and  refine  petroleum. 
People  are  also  needed  to  make  and  sell  the 
finished  products.  Geologists,  paleontologists, 
geophysicists,  surveyors,  and  others  are 
needed  to  look  for  petroleum.  Fig.  46-9. 
Drillers  and  petroleum  engineers  help  ex- 
tract the  petroleum,  Fig.  46-10.  Pipeline 
workers,  pumpers,  seamen,  truck  drivers, 
and  others  transport  the  crude  oil  to  the  refin- 
ery. Refinery  workers,  chemists,  physicists, 
engineers,  and  technicians  refine  and  change 
the  crude  oil  into  materials  that  can  be  used. 
People  skilled  in  all  phases  of  industry  are 
needed  to  make  and  sell  the  many  petroleum 
products. 


Summary 

Petroleum  is  a raw  material  for  an  almost 
endless  number  of  products.  Partly  decayed 
organic  material  is  the  source  of  petroleum. 
It  is  found  in  collections  inside  the  rocks  of 
the  earth’s  crust.  The  geologist  looks  for  pe- 
troleum. Then  it  is  extracted  by  drilling. 
After  extraction,  petroleum  is  sent  to  a re- 
finery, usually  through  pipelines.  Refining 
petroleum  means  breaking  down  and  recom- 
bining its  fractions  to  make  new  and  differ- 
ent products.  Many  kinds  of  fuel,  waxes, 
lubricants,  solvents,  and  petrochemicals 
come  from  petroleum.  Petrochemicals  are 
important  in  making  plastics,  synthetic  rub- 
ber, insecticides,  detergents,  synthetic  fibers, 
explosives,  and  many  other  products.  Re- 
search and  development  in  the  petroleum  in- 
dustry have  led  to  finding  widespread  uses 
for  petroleum  and  its  products.  Many  people 
are  needed  to  find,  extract,  transport,  and 
refine  petroleum.  An  equally  large  number 
of  people  are  needed  to  make  and  sell  petrol- 
eum products. 


Fig.  46-10.  It  takes  many  skilled  and  strong  men  to 
operate  a drilling  rig. 


Story  of  Petroleum  Products  295 


Petroleum  Standard  Stock 
Manufacturing  System 


Finished  (end)  products 
Manufacturing 


Terms  to  Know 

petroleum 

gas 

liquid 

semisolid 

crude  oil 

natural  gas 

asphalt 

pitch 

viscosity 

sediment 

porous 

molecules 

petrochemicals 

extracting 

prospect 


wildcat  well 

producing  well 

dry  hole 

pool 

refining 

distilling 

fractions 

cracking 

thermal  cracking 

catalyst 

polymerization 

transporting 

distributing 

nonreproducible 


Think  About  It! 

1.  Why  is  petroleum  a nonreproducible  min- 
eral resource  ? 

2.  What  kinds  of  petroleum  products  are 
used  in  your  home?  How  many  of  them 
are  petrochemical  products? 


You  have  learned  about  primary  metal, 
textile,  and  petroleum  products.  In  this  read- 
ing you  will  learn  about  chemical  products 
which  are  important  to  these  and  many 
other  industries.  Most  chemical  companies 
refine  (improve)  and  convert  (change) 
raw  materials  to  products  that  can  be  used. 
Most  of  their  products  become  “raw”  ma- 
terials for  other  industries. 


Chemical  Raw  Materials 


Story  of  Chemical 
Products 


Chemicals  are  gotten  from  two  kinds  of  na- 
tural sources,  called  organic  and  inorganic. 
The  organic  sources  come  from  living  or  once 
living  plants  and  animals.  These  sources  in- 
clude farms  and  forests,  coal,  petroleum,  and 
natural  gas.  The  inorganic  (nonliving) 
sources  include  sand,  metal  ores,  water,  air, 
and  many  other  minerals.  The  chemical  in- 
dustry depends  a great  deal  on  about  ten 
source  chemicals.  These  include  both  organ- 
ic and  inorganic  kinds.  They  are  oxygen  and 
nitrogen  from  the  air,  water,  sulphur,  salt, 
clay,  limestone,  potash,  coal,  and  petroleum. 
Fig.  47-1.  These  are  the  real  “workhorses” 
of  the  chemical  industry. 


How  Industry  Uses 

Chemical  Products 

Almost  everything  we  use  in  our  daily 
lives  has  chemical  products  in  it  or  has  used 
some  while  it  was  being  made.  A large  group 
of  chemical  products  are  used  in  manufac- 
turing as  process  chemicals.  They  do  not  be- 
come part  of  any  end-product.  There  are 
acids  used  for  cleaning  metals.  There  are 
solvents  used  in  the  printing,  textile,  and 
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Fig.  47-1.  This  is  an  offshore  sulphur  mine.  Sulphur  is 
a basic  material  used  by  the  chemical 
industries. 


Fig.  47*2.  This  chemical  processing  plant  takes  raw 
materials  from  the  earth.  Then  it  processes 
them  into  basic  chemical  products  used  by 
other  chemical  industries. 
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plastics  industries.  There  are  ammonias,  al- 
cohols, and  catalysts  (materials  that  speed 
up  chemical  reactions)  of  many  kinds. 

A second  group  of  chemical  products  are 
used  as  “raw”  materials  by  other  industries. 
They  do  become  part  of  the  end-product.  Fig. 
47-2.  These  chemicals  include  plastic  resins, 
paint  components,  synthetic  rubber  com- 
pounds, vitamins,  food  preservatives  and 
other  food  additives,  dyes,  and  pigments. 

A third  group  of  chemical  products  are 
used  in  the  form  they  are  made,  by  industry 
and  the  public.  These  chemicals  include 
fuels,  lubricants,  drugs,  inkb,  fertilizers, 
and  detergents. 


Chemical  Processing 

Chemicals  are  produced  by  changing  raw 
materials  so  that  the  end-products  are  more 
useful  than  the  raw  materials  were.  Chang- 
ing raw  materials  is  done  by  (1)  refining 
them,  and  (2)  changing  their  chemical  form. 


Refining  Raw  Materials 

We  get  most  of  our  raw  materials  from 
the  earth.  Fig.  47-3.  These  materials  are 


Fig.  47-3.  Coal  is  a raw  material  of  the  chemical 

industries.  Here  coal  is  being  moved  from 
a mine  on  a conveyer  belt. 
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found  in  the  natural  state  as  solids,  liquids, 
or  gases.  Most  raw  materials  from  the  earth 
must  be  improved  (refined).  Both  physical 
and  chemical  means  are  used  in  refining 
(improving). 

The  usual  physical  methods  of  refining 
raw  materials  are  (1)  washing,  (2)  grind- 
ing, (3)  screening,  (4)  filtering,  and  (5) 
floating.  Washing  means  taking  dirt  off  the 
material  and  flushing  with  a liquid.  Passing 
the  materials  through  a screen  is  done  to  get 
pieces  of  the  same  size.  Screening  is  often 
combined  with  grinding.  Grinding  reduces 
the  size  of  pieces.  Filtering  of  a liquid  takes 
out  solids  not  wanted.  It  can  also  be  used  to 
separate  solid  materials  from  liquids.  Fig. 
47-4.  Floating  methods  are  used  to  separate 
solids  of  different  qualities.  Certain  sub- 
stances called  surface-active  agents  can 
cause  water  to  foam  when  air  is  put  in.  The 
foam  will  hold  lightweight  solids.  These 
solids  can  then  be  taken  off  with  the  foam. 
These  solids  are  used  in  some  other  process, 
or  they  are  thrown  away. 

Chemical  methods  of  refining  raw  ma- 
terials usually  cost  more  than  physical 
methods,  so  they  are  used  less  often.  An  ex- 
ample of  chemical  refining  is  separating  pulp 
from  wood.  Chemicals  are  added  to  the 
wood  so  the  lignin  in  the  wood  will  dissolve. 


Fig.  47-4.  Filtering  is  part  of  the  fermentation 

process  in  making  a chemical  product. 
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Then  the  liquid  which  holds  the  dissolved 
lignin  is  taken  off.  The  cellulose  portion  of 
the  wood  is  left  as  a solid  to  be  further 
processed. 


Fig,  47-5.  Distillation  is  an  important  process  in 
getting  a primary  chemical  product. 


Fig.  47-6.  This  chemical  plant  is  producing  chemicals 
by  the  process  of  fermentation.  This  is 
a chemical  change  caused  by  the  action 
of  micro-organisms. 
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Chemical  Transformations 

A large  number  of  transforming  (form 
changing)  operations  are  used  to  make  chem- 
ical changes.  Five  important  ones  are:  (1) 
oxidation,  (2)  electrolysis,  (3)  distillation, 
(4)  fermentation,  and  (5)  polymerization. 

Oxidation  is  used  mainly  in  the  organic 
chemical  industry.  Oxidation  means  putting 
oxygen  into  an  organic  molecule  (combina- 
tion of  atoms).  Oxidation  produces  heat. 

Electrolysis  is  the  use  of  direct  current 
electricity  in  a melted  solid  or  a liquid  to 
decompose  (break  down)  a chemical.  The 
products  can  be  solids,  liquids,  or  gases.  Sev- 
eral products  are  usually  produced  at  the 
same  time  in  electrolysis.  Aluminum,  magne- 
sium, chlorine,  and  caustic  soda  are  some  of 
the  products  made  by  electrolysis. 

Distillation  means  vaporizing  a liquid 
(changing  to  steam  or  gas).  This  is  done  to 
separate  it  from  another  liquid  or  from  a 
solid  which  was  dissolved  in  it.  Fig.  47-5.  The 
vapor  can  be  recondensed  (returned  to  liq- 
uid) in  a nearly  pure  state.  Seawater  is  dis- 
tilled to  separate  pure  water  from  salts. 
Products  like  gasoline  and  kerosene  are  sep- 
arated from  crude  oil  by  distilling. 

Fermentation  is  a chemical  change  caused 
by  the  action  of  microorganisms  (bacteria 
and  yeasts).  Fig.  47-6.  In  the  world  of  nature 
fermentation  is  very  important.  Fermenta- 
tion is  used  to  produce  many  products  for 
which  there  is  a great  need,  such  as  synthet- 
ic vitamins. 

Polymerization  is  a chemical  process  in 
which  small  molecules  are  joined  to  form 
large  molecules.  It  is  very  important  since 
nearly  all  plastic  products  are  formed  by 
polymerization. 


Research  and  Development 

Man  has  always  used  natural  resources  as 
chemicals.  Until  about  a hundred  years  ago, 
most  chemicals  were  gotten  by  refining  raw 
materials  without  any  chemical  transforma- 
tions (changes).  More  recently,  chemical 


transformations  have  become  more  impor- 
tant. Chemical  products  that  are  produced 
this  way  are  often  called  synthetic  materials. 
The  modern  plastics  industry  depends  almost 
entirely  on  synthetic  chemicals. 

New  developments  have  come  from  inside 
the  chemical  industry  and  from  other  indus- 
tries. Most  plastics  were  known  to  chemists 
many  years  before  there  was  a great  need 
for  them.  On  the  other  hand,  synthetic  rub- 
ber was  developed  to  meet  the  shortage  of 
natural  rubber  during  World  War  II.  Chem- 
ical production,  more  than  any  other  large 
industry,  depends  on  research. 

Most  new  chemicals  are  first  produced  in 
small  amounts  in  a laboratory,  Fig.  47-7. 
Much  designing  and  engineering  is  needed 
to  produce  chemicals  cheaply  in  large 
amounts.  This  is  done  by  chemical  engineers, 
physicists,  electrical  engineers,  mechanical 
engineers,  civil  engineers,  and  industrial  en- 
gineers. 

Chemical  plant  design  presents  many 
problems.  A process  which  worked  in  a lab^ 
ratory  may  not  work  the  same  way  when  it 
is  tried  in  a factory.  Many  chemicals  are 
very  corrosive  (eat  away  the  surfaces  of 
other  materials).  The  pumps,  pipes,  and 
tanks  that  hold  these  chemicals  must  not  cor- 
rode, Fig.  47-8.  The  cost  of  these  special  con- 
tainers may  be  hard  to  know  before  the 
plant  is  in  actual  operation.  Many  of  these 
problems  may  be  solved  by  first  building  and 
running  a small  plant,  called  a pilot  plant. 


Controlling  Production 

Many  chemical  products  are  used  as  drugs 
and  in  food  products.  Quality  control,  then, 
is  very  important.  Many  chemical  compounds 
are  unstable  (tend  to  change  their  makeup 
by  themselves),  so  they  must  be  carefully 
controlled.  Quality  usually  is  controlled  by 
inspecting  the  product  often  to  correctly 
measure  its  makeup.  This  kind  of  work  is 
done  by  an  analytical  chemist,  Fig.  47-9. 

Many  of  the  ideas  of  automation  (auto- 
matic control)  were  developed  in  the  chemi- 
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Fig.  47-7.  A chemist  in  a chemical  laboratory  is 
testing  a new  compound  formula. 


Fig.  47-8.  Chemical  plants  must  have  pipes,  pumps, 
and  tanks  that  will  not  corrode. 


Fig.  47-9.  This  analytical  chemist  is  hard  ot  work. 
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cal  industries,  Fig.  47-10.  Controls  can  be 
run  automatically  so  that  only  a few  work- 
ers are  needed  to  man  a whole  plant.  A com- 
puter may  even  replace  these  few  workers. 
Many  newer  chemical  plants  need  only  main- 
tenance (upkeep)  men  for  operation. 


Fig.  47-10.  This  chemical  plant  has  been  automated 
to  increase  efficiency. 


Fig.  47-11.  These  women  are  workers  on  a production 
line  in  a chemical  plant. 


Personnel 

There  are  many  kinds  of  jobs  in  the  chem- 
ical industry.  There  are  three  kinds  of  pro- 
duction and  service  workers.  First,  there  are 
unskilled  workers  who  move  materials,  load 
boxcars,  handle  shipments,  clean  and  wash 
equipment,  and  lubricate  production  process 
equipment.  Second,  there  are  semiskilled 
workers  like  quality  inspectors,  stockroom 
clerks,  equipment  operators,  and  mainte- 
nance men.  Fig.  47-11.  Third,  there  are 
skilled  technicians  whose  work  is  not  an 
engineer’s  job,  but  is  still  above  a semi- 
skilled  worker's  job,  Figs.  47-12  and  47-13. 
Technicians  work  in  the  chemical,  metallur- 
gical, electrical,  design,  mechanical,  and  in- 
strumentation areas.  The  use  of  automation 
has  opened  up  many  jobs  in  data  processirig. 

Many  jobs  are  open  to  people  with  special 
training  and  education.  The  chemical  indus- 
try needs  civil,  chemical,  electrical,  mechan- 
ical, and  industrial  engineers  to  operate  its 
plants  well.  Chemists  are  also  needed  for  re- 
search programs.  Fig.  47-14. 


Fig.  47-12  The  tensile  strength  of  a chemical  product 
is  being  tested  by  a technician. 
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Fig,  47-13.  This  technicion  is  studying  the  properties 
of  0 chemi.'.ol. 


fig.  47-14.  A chemical  engitieer  is  onolyzing  o 
chemical  product. 
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Summary 

Chemicals  are  part  of  each  person’s  daily 
life.  They  are  basic  to  many  industries. 
Most  natural  materials  may  be  used  as  raw 
materials  to  make  chemical  products.  Re- 
search has  developed  synthetic  materials 
from  natural  materials. 

There  are  many  refining  and  transform- 
ing methods  used  by  the  chemical  industry. 
The  main  refining  processes  are  washing, 
grinding,  screening,  filtering,  and  floating. 
These  are  physical  processes.  The  main 
transforming  processes  include  oxidation, 
electrolysis,  distillation,  fermentation,  and 
polymerization.  These  processes  bring  about 
chemical  changes. 

The  chemical  industry  affects  most  other 
kinds  of  manufacturing  activity.  Without 
the  products  of  the  chemical  industry,  our 
life  would  be  very  different  today. 


Terms  to  Know 

chemical 

refine 

convert 

organic 

inorganic 

process  chemicals 

acids 

solvents 

catalysts 

solids 

liquids 

gases 

refined 

refining 

a.  washing 

b.  grinding 

c.  screening 

d.  filtering 

e.  floating 
surface-active 

agents 

lignin 


cellulose 

transforming 

a.  oxidation 

b.  electrolysis 

c.  distillation 

d.  fermentation 

e.  polymerization 
molecule 
decompose 
vaporizing 
recondensed 
microorganisms 
transformations 
synthetic  materials 
plastics 
corrosive 

pilot  plant 
unstable 

analytical  chemist 
automation 
maintenance 
chemical  products 
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Chemical  Standard  Stock 
Manufacturing  System 


Finished  (end)  products 
Manufacturing 
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Think  About  It ! 

1.  Why  do  you  think  the  chemical  industry 
has  depended  more  on  research  and  de- 
velopment than  other  large  industries? 

2.  What  kinds  of  chemical  products  are 
used  in  your  home?  How  many  of  them 
are  process  chemicals? 
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READING  48 


Making  Components 
by  Forming 
or  Separating 
Standard  Stock 


You  have  learned  how  some  factories  or 
plants  make  only  standard  stock.  These 
plants  are  part  of  the  primary  industries. 
Prior  to  this  reading,  you  learned  about  four 
of  them.  They  were:  (1)  primary  metals, 
(2)  textile  mill  products,  (3)  petroleum,  and 
(4)  chemical  products. 

Many  secondary  plants  use  standard 
stock  from  the  primary  industries  as  their 
“raw  material”  and  process  (change)  it 
further,  Fig.  48-1.  Some  stock  is  changed 
into  simple  one-piece  finished  products.  For 
instance,  wire  stock  may  be  cut  and  bent 
into  paper  clips.  Some  stock  is  changed  into 
components  (parts  to  be  combined  with 
other  parts),  Fig.  48-2.  These  parts  can 
later  be  assembled  (put  together)  to  make 
finished  products.  For  instance,  the  coil  of 
wire  that  holds  the  sheets  of  a spiral  note- 
book together  is  a component.  It  is  com- 
bined with  the  pages  and  cover  to  make  a 
complete  product.  There  are  two  basic  ways 
to  change  standard  stock  into  one-piece 
products  or  into  parts.  These  are  forming 
and  separating. 

After  parts  are  made,  they  are  often 
combined  with  other  parts  to  make  more 
complex  (complicated)  products.  In  later 
readings,  you  will  learn  more  about  com- 
bining (assembling). 

Changing  Form 

The  word  form  is  most  often  used  to 
mean  shape.  Form  can  also  refer  to  other 
properties  (features).  A material  can  be 
dense  (solid),  resilient  (able  to  spring  back 
into  shape),  rigid  (firm),  viscous  (thick), 
strong,  or  hard.  It  can  have  color,  texture, 
odor,  size,  or  internal  (inside)  structure. 


Components 


Combining 

Mixing 

Coating 

Bonding 

Mechanical 

fastening 


Subassemblies 

and 

Final  Assemblies 

Fig.  48-1.  Components  ore  made  by  forming  and 
separating  practices. 
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When  the  form  of  materials  is  changed, 
shape  is  the  feature  that  is  most  often 
changed.  In  fact,  most  processes  are  done 
in  order  to  get  the  right  material  into  the 
right  shape. 

As  you  learned  in  one  of  the  earlier 
readings,  one  of  the  primary  (first)  changes 
in  form  takes  place  when  standard  stock  is 
made.  In  this  form,  material  cannot  be 
made  into  final  shapes  like  bolts,  shoes, 
dishes,  books,  or  oven  doors.  Sometimes 
only  one  more  change  of  form  is  needed,  as 
was  the  case  of  the  paper  clip.  Most  prod- 
ucts go  through  a series  of  form  changes. 

Standard  stock  usually  comes  in  sizes  and 
shapes  that  make  further  forming  easy. 
Sometimes  the  physical  form  of  the  stand- 
ard stock  is  changed  by  the  process  used. 
This  is  true  when  metal  pigs  are  melted 
and  the  liquid  metal  is  poured  into  molds. 
Fig.  48-3.  Sometimes  the  shape  of  the 
standard  stock  is  not  changed  very  much  at 


all.  This  is  true  of  rolled  metals  like  struc- 
tural steel  stock.  It  is  usually  cut  into  dif- 
ferent lengths.  It  can  also  have  holes  drilled 
or  punched  into  it  for  rivets.  See  Fig.  48-4. 

Standard  stock  chemicals  come  in  many 
forms.  Much  of  the  chemical  standard  stock 


Fig.  48*2.  Manufacturing  plants  usuolly  make  parts  or 
finished  products  from  stondard  stock. 
These  workers  are  moking  and  packing 
ceiling  tiles  from  large  stondard>size  sheets 
of  insulating  board. 


Fig.  48-3.  The  physical  form  of  the  standard  stock  is 
changed  when  pigs  or  ingots  are  melted 
and  poured  into  molds. 


Fig.  48-4.  Some  ports  are  mode  by  only  slightly 

changing  the  form  of  the  stondord  stock. 
This  structurol  steel  stock  is  cut  to  length 
and  hos  holes  punched  in  it. 
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comes  in  the  form  of  liquids  and  powders. 
These  liquids  and  powders  are  further 
processed  and  combined  into  products  such 
as  medicines,  cleaning  agents,  lubricants, 
and  paints. 


Forming  and  Separating 

There  are  two  different  ways  to  make  a 
part  or  a one-piece  product  from  standard 
stock.  First,  the  internal  or  external  (out- 
side) features  may  be  changed  by  forming. 
Forming  does  not  add  or  remove'  (take 
away)  any  material.  Second,  if  there  is  any 
excess  material  (more  than  is  needed), 
some  of  it  can  be  taken  off  by  separating. 
This  will  leave  the  right  amount  of  stock 
in  the  right  shape. 

Forming  Practices 

Forming  is  often  the  best  way  to  change 
standard  stock  into  another  shape.  It  is  the 
best  way  because  there  is  seldom  any  ma- 
terial wasted.  Forming  is  sometimes  best 
only  for  large  numbers  of  certain  products 
because  of  the  high  cost  of  tooling-up.  This 
cost  is  high  because  the  tools  that  do  the 


forming  are  often  specially  made  for  each 
product  and  can  only  be  used  for  that  one 
product. 

There  are  three  basic  ways  of  forming. 
They  are  (1)  casting  or  molding,  (2)  com- 
pressing or  stretching,  and  (3)  material 
conditioning. 

In  casting  or  molding,  standard  stock  in 
liquid  or  semiliquid  form  is  poured  or 
forced  into  a cavity  (hollow  space)  of  the 
right  shape  and  then  allowed  to  harden,  Fig. 
48-6. 


Forming  by  Compressing  or  Stretching 


Fig.  48*6.  In  compressing  or  stretching,  standard 
stock  in  a plastic  or  solid  form  may  be 
givon  o new  shape  by  forcing  the  stock 
against  o tool  or  die. 


Forming  by  Casting  or  Molding 

Fig.  48-5.  In  casting  or  molding,  liquid  metal  may  be 
poured  or  forced  into  a cavity  of  the 
right  shape  and  allowed  to  harden. 

3Z3 


Quench 


Fig.  48-7.  In  material  conditioning,  the  external  or 

internal  structure  of  standard  stock  may  be 
changed  by  the  use  of  heat,  chemicals,  or 
electric  current. 
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In  compressing  or  stretching,  standard 
stock  in  a plastic  (soft)  or  solid  form  is 
forced  into  a new  shape  by  compressing 
(squeezing)  or  stretching  (pulling  apart). 
See  Fig.  48-8.  Some  of  these  processes  are 
forging,  rolling,  compression  molding,  bend- 
ing, drawing,  and  press  working  (stamping). 
Common  materials  that  are  compressed  or 
stretched  are:  metals,  plastics,  and  glasses 
in  the  form  of  sheets,  rods,  or  tubes. 

In  material  conditioning,  the  internal  form 
or  structure  of  the  standard  stock  is 
changed  by  one  of  three  major  types  of 
conditioning.  They  are: 

1.  thermal  conditioning  (heat  treating), 

2.  physical  or  mechanical  deforming,  or 

3.  chemical  reactions.  See  Fig.  48-7. 

There  are  other  ways  of  material  condi- 
tioning that  you  will  learn  about  in  a later 
reading.  Internal  form  changes  often  take 
place  during  other  forming  processes,  Fig. 
48-8. 


Separating  Practices 

Forming  may  be  the  best  way  to  change 
some  shapes,  but  separating  is  more  widely 
used.  It  is  not  easy  to  change  the  form  of 


Fig.  48-8.  This  plastic  dish  was  formed  in  a mold  by 
heat  and  pressure.  A suction  cup  is  being 
used  to  lift  the  dish  out  of  the  opened 
mold. 
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stone  and  brittle  materials  (those  which 
break  very  easily).  The  form  of  wood  can- 
not be  changed  very  much.  Most  solid  or 
rigid  standard  stock  can  be  put  into  another 
shape  if  you  start  with  a large  piece  of  it 
and  remove  what  is  not  needed. 

To  separate  (remove  what  is  not  needed), 
workers  often  use  a cutting  tool  that  is 
harder  and  stronger  than  the  standard 
stock  being  cut.  There  are  three  basic  ways 
to  separate  standard  stock.  They  are  (1) 
shearing,  (2)  chip  removing,  and  (3)  other 
processes. 

In  shearing,  standard  stock  may  be 
sheared  (cut)  into  two  or  more  large  parts, 
Fig.  48-9.  For  instance,  paper  can  be 
sheared.  In  the  chip-removing  process,  ex- 
cess standard  stock  is  removed  in  small 
chips  (pieces)  such  as  sawdust  or  metal 
chips.  Fig.  48-10.  In  other  processes,  excess 


Fig.  48-9.  In  shearing,  standard  stock  is  separated  by 
a tool  harder  than  the  stock  being  cut. 
There  is  no  material  lost  in  the  form  of 
small  chips. 


Separating  by  Chip  Removing 
Fig.  48-10.  In  chip  removing,  standard  stock  is 

separated  by  cutting  away  small  chips  or 
pieces  with  a tool  that  is  harder  than  the 
stock  being  cut. 
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Chemical  etch  solution 


Separating  by  Indirect  Processes 


Fig.  48-11.  Separating  by  indirect  means  uses  heat, 
chemicals,  or  electric  current.  Here  a 
printed  circuit  for  a radio  is  being  etched 
by  chemical  means. 

standard  stock  can  be  removed  by  indirect 
means  such  as  heat,  chemicals,  or  electric 
current.  Fig.  48-11.  Small  chips  may  or  may 
not  result  from  these  processes.  Fig.  48-12. 

The  tools  used  to  separate  standard  stock 
are  often  simpler  than  those  used  to  form 
it,  but  production  times  are  usually  longer. 
Thus  separating  is  often  the  best  way  to 
make  small  numbers  of  parts,  while  forming 
is  the  best  way  to  make  large  numbers  of 
the  same  parts.  You  can  get  better  sur- 
faces and  closer  tolerances  (how  much 
parts  can  differ  in  size  and  shape  and  still 
be  used)  by  separating  than  you  can  by 
forming.  Separating  is  often  used  to  change 
the  shape  of  parts  that  are  first  formed  by 
casting  or  forging;  for  instance,  cutting  a 
thread  in  a hole  cast  in  a car  engine  block. 


Combining  Components 

Most  products  cannot  be  made  from  just 
one  piece  of  standard  stock.  For  instance, 
several  ingredients  (elements)  must  be 
mixed  to  make  a loaf  of  bread  or  a can  of 
paint.  Most  products  are  a combination  of 
many  parts  put  together.  Even  a simple 
pencil  has  five  parts:  the  lead,  two  wooden 
halves,  metal  band,  and  eraser. 

There  are  some  parts  and  products  that 
could  be  made  by  making  many  changes  in 


Fig.  48-12.  These  pieces  of  steel  are  being  sheared 
by  a separating  technique  called  planing. 
The  shavings  are  being  separated  as  the 
workpieces  move  under  the  two  cutting, 
tools. 


one  piece  of  standard  stock.  Often  they 
can  be  made  quicker  and  cheaper  by  joining 
two  or  more  smaller  pieces  of  stock.  A car 
frame  and  a wooden  chair  are  two  good 
examples.  Single  pieces  may  be  bonded 
(melted  together)  by  welding,  by  soldering, 
or  with  adhesives  (glues  and  cements). 
They  may  also  be  mechanically  fastened 
with  nails,  bolts,  screws,  or  staples.  Some 
large  machine  parts  are  combined  in  both 
ways.  Fig.  48-13. 

There  are  some  products  made  of  single 
parts  that  move  together,  like  hinges  and 
wheels  on  axles.  The  movement  is  usually 
fixed  by  the  shapes  of  the  parts  and  by  the 
kinds  of  mechanical  fasteners  used  to  hold 
them  together. 
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The  term  assembly  refers  to  the  many 
ways  in  which  parts  are  joined  to  make  a 
product.  The  product  itself  may  be  called  an 
assembly.  Several  parts  can  be  joined  to 
form  a small  unit  of  a product  This  small 
unit  is  called  a subassembly.  For  instance, 
a car  door  is  a subassembly  of  the  whole  car. 


Material  Properties 

Ti  e designer  of  a product  often  has  a 
wide  range  of  materials  from  which  to 
choose.  He  wants  a material  to  have  features 
that  will  make  it  work  in  the  product  Fig. 
48-14.  For  instance,  he  may  check  a ma- 
terial for  its  strength,  weight  shock  resist- 
ance (not  wearing  out  from  heavy  im- 
pacts), or  corrosion  resistance  (not  being 
eaten  away  by  acids).  For  a part  that  the 
buyer  will  see,  the  designer  will  have  to 
think  about  how  it  will  look.  He  wiil  not 
think  as  much  about  how  the  features  of 
the  material  make  the  product  easy  or  hard 
to  make. 

The  features  that  make  the  manufacture 
of  a product  easy  or  hard  depend  on  what 
processes  will  be  used.  For  casting,  the 
melting  point  is  important.  Standard  stock 
that  is  to  be  formed  by  bending  must  be 
ductile  (soft).  This  is  true  even  if  the  prod- 
uct itself  will  not  need  to  be  ductile  when 
it  is  used  later.  For  shearing,  standard 
stock  should  not  be  too  soft  or  too  hard. 
Cutting  tools  wear  out  too  fast  if  the  stock 
is  harder  than  it  should  be. 

If  the  product  must  be  strong,  process 
costs  may  be  very  high.  When  many  differ- 
ent materials  could  be  used,  the  material  is 
selected  because  it  costs  less  to  buy  or  to 
process. 


Summary 

In  manufacturing  a product,  there  are 
several  ways  to  change  the  form  of  stand- 
ard stock  materials.  Standard  stock  can  be 
made  directly  into  one-piece  products.  It 


can  also  be  made  into  parts.  These  parts  are 
later  combined  to  make  more  complex 
products. 


Fig.  48-13.  Parts  of  this  macF  • are  being  assembled 
by  two  types  of  combining  processes. 
Welding  is  used  to  combine  some  of  the 
pieces.  Other  ports  are  combined  with 
bolts. 


Fig.  48-14.  These  men  ore  examining  the  features  of 
the  plastic  sheet.  They  ore  looking  at  its 
oppearance  and  feeling  its  surface. 
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Shape  is  very  important  in  changing  the 
form  of  most  standard  stock.  Shape  may  be 
changed  in  two  basic  ways:  (1)  forming 
and  (2)  separating. 

Forming  can  change  the  internal  or  exter- 
nal form  of  standard  stock.  Forming  does 
not  add  or  remove  any  material.  Forming  is 
done  in  three  ways:  (1)  casting  or  molding, 
(2)  compressing  or  stretching,  and  (3)  ma- 
terial conditioning. 

Separating  removes  excess  material  from 
standard  stock  or  parts.  Separating  is  done 
in  three  ways:  (1)  shearing,  (2)  chip  re- 
moving, and  (3)  processing  by  the  use  of 
heat,  chemicals,  or  electric  current 

Parts  can  be  made  from  standard  stock 
by  forming  or  separating,  or  both.  After 
parts  have  been  made,  they  can  be  joined 
together  to  make  more  complex  products. 
Joining  parts  is  called  combining  (assem- 
bling). 

The  designer  must  choose  materials  that 
will  work  in  the  product  Some  materials 
are  better  proces^  by  forming.  Others 
are  better  processed  by  separating.  Many 
parts  are  made  by  using  both  of  these 
processes.  When  materials  are  being  picked 
for  use  in  a product  the  costs  to  buy  them 
and  to  process  them  must  be  thought  of. 


Terms  to  Know 

standard  stock 

bending 

primary  industries 

drawing 

process 

press  working 

components 

thermal 

assembled 

conditioning 

forming 

physical  or 

separating 

mechanical 

complex 

deforming 

combining 

chemic^ 

form 

reactions 

properties 

brittle 

dense 

removing 

resilient 

shearing 

rigid 

sheared 

viscous 

chips 

internal 

chip  removing 

pigs  (ingots) 

internal 

external 

processing 

remove 

tolerances 

excess 

ingredients 

casting 

mixed 

molding 

coated 

compressing 

bonded 

stretching 

adhesives 

material  conditioning 

mechanically 

cavi^ 

fastened 

plastic  (soft) 

assembly 

forging 

subassembly 

rolling 

shock  resistance 

compression 

corrosion  resistance 

molding 

ductile 

Think  About  It! 

1.  Identify  two  one-piece  products  around 
your  home  that  have  been  manufactured 
by  forming.  By  separating. 

2.  Select  any  assembled  product  in  your 
house  where  most  of  the  parts  can  be 
seen.  Count  the  number  of  parts  in  the 
product. 
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Material  Forming 
Practices 


In  the  last  reading  you  learned  about  two 
ways  to  change  standard  stock  into  com- 
ponents (parts)  and  one*piece  products. 
These  two  ways  are  forming  and  separat- 
ing. You  also  learned  about  combining  parts 
by  mixing,  coating,  bonding,  and  mechan- 
ical fastening.  In  this  reading,  you  will  learn 
more  about  the  three  major  ways  to  form 
standard  stock.  They  are  (1)  easting^  or 
molding,  (2)  compressing  or  stretching, 
and  (3)  material  conditioning.  Fig.  49-1. 

A forming  process  may  start  with  a 
single  piece  of  standard  stock.  It  may  also 
start  with  a certain  amount  of  standard 
stock  in  liquid  or  powder  form.  After  any 
forming  process,  all  the  stock  is  still  there, 
but  its  form  is  different  Sometimes  more 
than  one  forming  process  is  used  on  a piece 
of  standard  stock.  Some  machines  are  built 
to  trim  (form  aud  separate  all  in  one  mo- 
tion) standard  stock.  In  this  process,  some 
excess  (extra)  stocdc  has  been  remove 
(taken  off),  while  the  rest  has  been  put  into 
a different  shape. 


Casting  or  Mold. ^tg 

To  form  standard  stock  by  casting  or 
molding,  products  are  made  in  a mold  or  die 
(a  completely  enclosed  cavity  of  hollow 
space).  The  mold  is  often  made  from  a pat- 
tern that  is  shaped  like  the  part  to  be  made. 
The  cavity  (hollow  space)  will  have  the  ex- 
act shape  of  the  part  to  he  made.  This  kind 
of  mold  is  made  in  two  or  more  parts  so  that 
the  pattern  can  be  lifted  out  before  molten 
(melted)  iron,  for  example,  is  poured  in. 
Glass,  rubber,  plastics,  and  other  metals  can 
be  formed  by  casting  or  molding.  The  way 
these  molds  are  made,  and  materials  are 
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Fig.  49.1.  Forming,  in  the  shaded  oreo  obove,  is 
discussed  in  this  reading. 
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Fig.  49-Z  Such  producJs  ond  ports  os  these 

prestressed  concreVe  bedms  ore  mode  by 
costing.  The  beoms  ore  reody  to  be  used 
when  they  come  out  of  the  mold. 


used  to  make  them,  differ  a great  deal. 
They  often  depend  on  the  product  or  part  to 
be  formed. 

Some  parts  and  products  are  ready  to  be 
used  when  they  come  out  of  the  mold  or  die, 
Fig.  49-2.  Simple  plastic  toys  and  glass 
bottles  are  examples.  Simple  products  like 
these  need  only  a little  more  processing, 
such  as  polishing.  Not  much  material  is  lost 
in  these  processes.  There  are  products  that 
need  a lot  more  processing  when  they  come 
out  of  the  mold  or  die.  A car  engine  block 
is  a good  example.  Its  basic  shape  is  formed 
by  casting,  but  there  are  many  separating 
processes,  such  as  precision-machining,  that 
are  needed  to  complete  the  manufacture  of 
this  part.  Fig.  49-3. 

In  casting  or  molding  some  parts  or  prod- 
ucts, the  mold  can  only  be  used  once.  These 
are  called  one-shot  molding  processes.  Some 
of  these  include  sand  casting,  shell-mold 
casting,  and  investment  casting.  In  casting 
or  molding  other  parts  or  products,  the 
mold  can  be  used  over  and  over  again.  These 
are  called  permanent-mold  processes.  Some 
of  these  include  die  casting,  slush  casting, 
centrifugal  easting,  transfer  molding,  injec- 
tion molding,  and  lay-up  forming. 

In  casting,  most  standard  stock  comes 
into  the  mold  as  a liquid  or  semiliquid.  Fig. 
49-4.  The  liquid  flows  into  the  cavity  and 
takes  the  shape  of  its  walls.  When  it  cools 
below  its  melting  temperature,  it  hardens 
and  comes  out  in  the  shape  of  the  cavity. 


Fig.  49-3.  These  ore  cost  V-8  cor  engine  blocics. 

There  ore  26  separate  precision-machining 
processes  thot  are  done  to  these  blocics  in 
this  77'  long  transfer  machine.  This 
mochine  completes  the  manufacture  of 
these  parts. 

^ ' 


Compressing  or  Stretching 

There  are  several  ways  to  compress 
(pqueeze)  or  stretch  (pull)  standard  stock. 
These  are: 

1.  forging, 

2.  bending,  and 

3.  drawing. 

In  each  process,  the  standard  stock  is 
forced  into  another  shape  while  it  is  in  a 
plastic  (soft)  or  solid  state.  A part  already 
partly  shaped  may  also  be  formed  by  each 
of  these  processes.  The  stock  may  be 
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formed  at  normal  room  temperature,  or  it 
may  be  heated  to  a temperature  below  its 
melting  point  to  make  it  easier  to  form. 

In  forging,  the  standard  stock  is  ham- 
mered or  squeezed  into  another  shape.  Fig. 
49-5.  Open-die  forging  and  closed-die  forg- 
ing use  a hammering  process.  In  each,  the 
standard  stock  is  shaped  by  impact  energy 
(force  produced  by  hitting  one  material 
with  a heavier,  stronger  one,  causing  the 
lighter  one  to  change  its  shape).  On  the 
other  hand,  a squeezing  process  is  used  in 
machine  forging,  press  forging,  roll  forging, 
compression  molding,  and  impact  extruding. 
In  these,  the  standard  stock  is  shaped  by 
continuous  pressure  (force  produced  by 
steadily  pushing  a heavier,  stronger  ma- 
terial against  a lighter  one,  causing  the 
lighter  one  to  change  shape). 

In  bending,  the  standard  stock  is  dc- 
formed  (changed)  along  a straight-line  axis, 
Fig.  49-^.  For  instance,  the  folding  of  news- 


Fig.  49-4.  In  costing,  most  standard  stock  flows  as  a 

liquid  or  semlllquid  Into  the  cavity  of  a mold. 


Fig.  49-5.  Forging  uses  Impact  energy  to  hommer 
stondord  stock  Into  onother  shope. 


Fig.  49-6.  Press  brakes  ore  often  used  to  do  strolght- 
llne  axis  bending.  Notice  how  the  piece  of 
metcl  stock  Is  being  bent.  Also  note  the 
shope  of  the  dies  used  In  this  press. 
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Fig.  49-7-  Mony  plastic  ports  are  mode  by  vocuum- 
forming.  This  is  one  of  the  drawing 
processes. 


print  sheets  into  newspapers  is  bending 
process.  Bending  includes  folding,  die  bend- 
ing, and  roll  bending. 

Drawing  metal  or  plastic  stretches  (pulls) 
the  standard  stock  into  another  shape  with- 
out changing  its  thickness  too  much.  Draw- 
ing can  make  many  odd  shapes  that  cannot 
be  formed  by  bending.  The  standard  stock 
may  be  drawn  through  a single  die,  or 
through  matched  dies.  See  Fig.  49-7. 

Forging  is  different  from  bending  and 
drawing  because  forging  changes  all  three 
dimensions  (length,  width,  and  thickness) 
of  the  standard  stock.  In  this  way,  it  is  sim- 
ilar to  casting.  Bending  and  drawing  simply 
reshape  the  standard  otock  without  chang- 
ing its  thickness  very  much. 


Conditioning  Material 

To  condition  a piece  of  standard  stock 
means  to  change  its  properties  (features) 
so  that  no  one  can  tell  from  looking  at  it 
that  they  have  been  changed.  Thus,  some 
internal  (inside)  features  of  the  stock  may 
be  changed.  For  instance,  it  may  be  made 
less  brittle,  or  easier  to  cut  The  shape  and 
size  of  the  piece  are  not  changed.  Some  of 
the  internal  features  of  standard  stock  that 
may  be  changed  are  its  hardness,  its  ductiU 
ity  (softness),  its  maehinability  (how  well 
it  can  be  machined),  or  its  tensile  strength 
(how  easy  it  is  to  pull  apart). 

There  are  several  ways  to  condition 
standard  stock.  They  are: 

1.  heat  conditioning  (Fig.  49-8), 

2.  physical  or  mechanical  deforming,  and 

3.  chemical  reactions. 

All  these  processes  change  the  internal  fea- 
tures of  the  standard  stock,  but  the  change 
is  hard  for  anyone  to  see. 


Fig.  49-8.  These  plates  have  been  conditioned  by 
controlled  heating  in  this  furnace.  The 
external  features  of  the  plates  are  the  same 
as  they  were  before  heating,  but  the 
internal  features  of  each  plate  have  changed. 


Summary 

Forming  is  one  of  the  two  basic  ways  to 
make  parts  or  one-piece  finished  products 
from  standard  stock.  There  are  three  major 
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ways  to  form  standard  stock.  They  are  (1) 
casting  or  molding,  (2)  compressing  or 
stretching,  and  (3)  material  conditioning. 
The  process  used  depends  on  the  part  or 
product  to  be  made. 

Often  more  than  one  forming  process  is 
needed  to  change  standard  stock  into  parts 
or  finished  products.  In  order  to  complete  a 
part,  sometimes  it  must  be  formed  first  and 
then  separated. 

In  casting  or  molding,  liquid  standard 
stock  is  poured  into  the  cavity  of  a mold  or 
die.  The  liquid  takes  the  shape  of  the  walls 
of  the  cavity.  When  it  cools,  it  hardens  into 
the  shape  of  the  cavity. 

In  compressing  or  stretching,  standard 
stock  is  forced  into  another  shape  while  it 
is  in  a plastic  or  solid  state.  There  are  three 
major  ways  to  compress  or  stretch  standard 
stock.  They  are  (1)  forging,  (2)  bending, 
and  (3)  drawing. 

To  condition  standard  stock,  some  inter- 
nal feature  is  changed  without  changing  its 
shape  or  size.  For  instance,  steel  can  be 
heat-treated,  and  vegetables  can  be  cooked 
or  frozen.  Neither  the  steel  nor  the  vege- 
tables change  size  or  shape  in  the  condi- 
tioning process. 
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Terms  to  Know 

components 
forming 
separating 
combining 
mixing 
coating 
bonding 
mechanical 
fastening 
casting  or  molding 
compressing  or 
stretching 
material 
conditioning 
trim 
excess 
removed 
mold  (die) 
cavity 
molten 

one-shot  molding 
processes 
sand  casting 
shell-mold  casting 
investment  casting 
permanent-mold 
processes 


die  casting 
slush  casting 
centrifugal  casting 
transfer  molding 
injection  molding 
lay-up  forming 
forging 
bending 
drawing 
plastic 
hammering 
impact  energy 
squeezing 

continuous  pressure 

deformed 

dimensions 

condition 

properties 

internal 

ductility 

machinability 

tensile  strength 

heat  conditioning 

physical  or 

mechanical  deforming 
chemical  reactions 


Think  About  It! 

1.  Can  you  identify  a product  or  parts  of 
a product  that  have  been  formed  by  cast- 
ing or  molding?  By  compressing  or 
stretching?  By  material  conditioning? 

2.  What  products  can  you  find  around  your 
home  that  have  been  made  by  forging? 
By  bending?  By  drawing? 


Casting 
or  Molding 
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You  have  learned  that  casting  or  molding 
is  one  way  to  form  standard  stock.  In  this 
reading,  you  will  learn  more  about  how 
standard  stock  is  cast  or  molded  into  com- 
ponents (parts)  or  one-piece  products,  Fig. 
60-1. 


The  Nature  of  Casting  or  Molding 

Casting  or  molding  is  a forming  process 
in  which  standard  stock  in  liquid  or  semi- 
liquid form  is  poured  or  pumped  into  the 
cavity  (hollow  space)  of  a mold  or  die.  The 
liquid  takes  the  shape  of  the  walls  of  the 
cavity.  It  then  hardens  so  that  it  will  keep 
that  shape.  The  finished  piece  is  called  a 
casting,  or  a molded  part.  It  has  the  size, 
shape,  and  surface  finish  of  the  mold  cav- 
ity in  which  it  was  made. 

The  standard  stock  for  casting  metal  is 
an  ingot  or  pig.  Plastic  standard  stock  comes 
in  the  form  of  powder  or  pellets  (small 
round  capsules).  Clay  standard  stock  for 
casting  is  a liquid  called  slip.  Before  solid 
standard  stock  can  be  cast  or  molded,  it 
must  be  heated  until  it  becomes  a liquid  or 
a semiliquid. 

The  cavity  of  the  mold  (die)  must  be  an 
empty  space  just  the  size  and  shape  of  the 
part  or  product  to  be  cast  Also,  workers 
must  be  able  to  get  the  hardened  casting 
out  of  the  mold.  Fig.  60-2.  In  one-shot  cast- 
ing, the  mold  is  destroyed  after  it  has  been 
used  only  once.  In  permanent-mold  casting, 
the  part  is  made  so  that  it  will  fall  out  of 
the  mold  after  it  hardens.  That  way,  the  die 
can  be  used  again  to  make  more  parts.  Fig. 
60-3. 


Components 

I 


Combining 

Mixing 

Coating 

Bonding 

Mechanical 

fastening 


Subassemblies 

and 

Pinal  Assemblies 

Fig.  50-1*  Casting  or  molding,  in  the  shaded  area 
above,  is  discussed  In  this  reading. 
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Examples  of  Casting  or 
Molding  Objects 

Casting  or  molding  is  a very  good  way  to 
make  a great  number  of  products.  Parts  and 
products  made  by  casting  include  car  tires, 
plate  glass,  concrete  and  cinder  blocks,  and 
false  teeth.  Since  the  shape  of  a casting 
depends  on  the  cavity  in  the  mold,  several 
different  sizes  or  shapes  are  sometimes  cast 
from  one  batch  of  standard  stock.  For  in* 
stance,  a worker  could  cast  dozens  of  con- 
crete blocks  from  one  batch  of  concrete  mix. 
Then  if  he  moved  to  a different  mold,  he 
could  cast  birdbaths  from  the  same  batch 
of  concrete  mix. 

Concrete  and  gray  iron  are  almost  always 
cast.  Many  other  materials  can  also  be  cast 
Nearly  all  of  the  metals,  dozens  of  plastics 
and  rubbers,  several  kinds  of  glass,  and 
many  ceramic  clays  are  cast.  Foods  like  gel- 
atin, processed  cheese,  ice  cream,  chocolate, 
and  peanut  butter  are  cast  into  shapes  or 
into  their  containers.  A cake  is  a casting, 
and  so  is  an  ice  cube. 


Fig.  50-2.  This  casting  is  being  removed  from  a 
rubber  mold.  See  haw  the  shape  and 
detail  of  the  casting  depend  on  the  cavity 
of  the  mold  itself. 


Some  of  the  materials  formed  by  casting 
cannot  be  easily  bent  or  shaped  after  they 
harden.  Fig.  60-4.  Concrete  and  glass  are 


Fig.  50-3.  You  must  open  up  some  molds  to  remove 
the  molded  port.  Mony  tires  can  be  mode 
from  this  poir  of  molds. 


Fig.  50-4.  The  prestressed  concrete  slabs  that  are 
being  cast  in  this  plant  cannot  be  easily 
bent  or  shaped  after  they  harden. 
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good  examples.  Other  cast  materials  are  so 
hard  they  cannot  be  machined  (shaped  by 
machine-powered  tools).  Examples  are  the 
very  hard  metals  used  to  make  jet  turbine 
blades,  and  the  clays  cast  and  fired  (baked) 
to  make  chinawarc. 

Casting  can  be  used  to  form  complex 
(complicated)  parts  that  could  not  easily 
be  separated  from  solid  blocks  or  chunks 
of  standard  stock,  Fig.  50*5.  Also,  for  most 
standard  stock,  there  is  very  little  waste. 
Excess  (extra)  metal,  wax,  plastic,  or  glass 
can  usually  be  melted  down  and  used  over 
again  to  make  other  products. 


One-Shot  Casting 

A one-shot  tasting  is  called  that  because 
workers  have  to  break  the  mold  in  order  to 
get  the  casting  out  of  the  mold,  Gray  iron 
and  other  common  metals  have  been  cast 
in  sand  molds  by  a one*shot  process  for  cen- 
turies. To  understand  this  process,  you 
should  study  Fig.  50-6,  which  shows  how 
a part  is  cast  through  a one-shot  process. 


Fig.  50-5.  This  mock-up  V-8  cylinder  heod  jacket  core 
shows  the  complicated  shape  of  the 
product  to  be  cost. 


A.  Gisting 


board 


B.  Pattern,  Drag  Half 


C.  Pottem,  Cope  Holf 


D.  Core  Boxes 
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E.  Green  Cores  Read/  for  Baking 


F.  Baked  Core,  Two  Holves  Posted 
Together 


G.  Drag  Ready  for  Sand 

After  ramming  with  sand,  bottom 
board  is  set  on  top  of  flask,  flosk 
inverted,  and  pattern  removed. 


Bottom 

board 


H.  Drag,  Pattern  Removed 


I.  Drog  with  Core  Set  in  Ploce 


Closing 

pins 


Bottom 

board 


J.  Cope  and  Drag  Assembled,  Ready  for 
Steel 


K.  Casting  as  Removed  from  Sand 

Risers  and  gate  will  be  removed, 
casting  chipped  and  ground  where 
necessary,  annealed,  and  ready  for 
shipment. 


1.  Casting 
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Fig.  50-6.  This  set  of  drawings  shows  how  a one-shot  casting  is  made  with  a core  mold. 
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Suppose  a plant  manufactured  castings 
like  the  ones  shown  in  Fig.  60-6 (A).  First, 
a patternmaker  makes  a pattern  out  of 
wood.  It  has  the  general  shape  of  the  part 
to  be  made.  It  is  made  in  two  parts:  the 
bottom  part  called  the  drag  half,  Fig.  60-6 
(B),  and  the  top  part  called  the  core  half, 
Fig.  60-6  (C).  Then  he  makes  core  boxes. 
Fig.  60-6  (D),  in  which  the  core  would  be 
made.  The  core  boxes  are  filled  with  a mix- 
ture of  sand  and  resin,  Fig.  60-6 (E).  The 
core  is  then  baked,  and  the  two  halves 
are  fastened  together.  Fig.  60-6  (F). 

To  make  the  mold  for  the  casting,  the 
worker  rams  a wet  mixture  of  sand  and  clay 
around  the  pattern.  This  mixture  is  held  in 
a two-part  box,  the  drag  half  of  which  can 
be  seen  in  Fig.  60-6 (G).  When  ramming 
is  complete,  the  halves  of  the  mold  are 
taken  apart  carefully.  Then  the  pattern  can 
be  taken  out.  Fig.  60-6 (H),  and  the  core 
fitted  into  the  space  left  by  the  pattern. 
Fig.  60-6(1).  A pouring  hole  (gate)  and  vent 
holes  (risers)  are  dug  through  the  core  half 
of  the  mold.  Fig.  60-6(J).  Then  the  pattern 
and  core  are  put  into  the  drag  half  of  the 
mold,  and  the  two  halves  are  put  back  to- 
gether with  closing  pins.  Fig.  60-6  (J). 

As  soon  as  the  mold  is  pinned  together, 
the  iron  is  poured  into  it.  Later,  the  hard- 
ened casting  is  shaken  out  of  its  sand  mold, 
and  the  core  sand  is  dug  out  of  the  holes. 
Fig.  60-6 (K).  The  “stalks”  of  metal  in  the 
pouring  hole  and  vent  holes  are  cut  off  and 
sent  back  to  the  melting  furnace.  The  mold 
is  now  in  the  shape  of  the  casting  to  be 
shipped  and  sold  to  customers.  Fig.  60-6 
(L). 

There  are  many  different  kinds  of  sand 
casting.  Shell-mold  casting  is  a very  precise 
technique  in  which  sand  mixed  with  pow- 
dered resin  is  dumped  onto  a hot  metal  pat- 
tern. The  heat  fuses  (blends  together) 
some  of  the  resin.  The  sand  is  bonded  (held 
together)  and  forms  a strong  shell.  Cast- 
ings made  this  way  are  smooth,  precise,  and 
strong.  These  castings  are  then  fitted  to- 
gether, along  with  cores.  The  mold  is  set 
into  a casting  box,  and  metal  shot  is  packed 


around  it  to  add  strength.  Then  the  metal 
is  poured  in.  The  shell-mold  technique  is 
precise  enough  to  use  in  casting  car  engine 
crankshafts,  which  must  be  very  straight 
and  well  balanced. 

An  even  more  precise  kind  of  one-shot 
casting  is  called  investment  casting,  Fig. 
60-7.  A wax  pattern  is  made  very  carefully, 
coated  (covered)  with  a ceramic  paste,  and 
embedded  (buried)  in  plaster.  After  the 
paste  and  the  plaster  have  set,  the  whole 
pattern  is  baked.  The  wax  melts  and  runs 
out.  Any  residue  (material  left  over)  is 
burned  out.  Finally,  molten  metal  is  poured 
into  the  cavity,  duplicating  the  pattern  ex- 
actly. This  costly  technique  is  used,  for 
instance,  to  make  jewelry,  turbine  blades, 
and  dental  fixtures. 


Permanent-Mold  Casting 

Some  castings  use  the  same  mold  over 
and  over  again.  Fig.  60-8.  These  molds  are 


Fig.  50-7.  Investment  casting  makes  very  precise  parts. 
Precise  casting  makes  further  separating 
processes  unnecessary.  The  rotor  blodes  of 
this  turbine  are  cast  of  a very  hard  metal. 
The  blades  could  not  be  made  precisely  by 
any  other  process. 
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'permanent  (long-lasting)  ones  that  can  te 
used  for  casting  parts  that  are  needed  in 
large  numbers,  like  tires,  auto  trim,  gears, 
toys,  and  even  typewriter  frames. 

Die  casting  of  metals  and  injection  mold- 
ing of  plastics  are  permanent-mold  proc- 
esses. The  liquid  or  semiliquid  standard 
stock  is  squirted,  under  pressure,  between 
two  halves  of  a steel  mold  called  a die.  The 
die  halves  are  water-cooled  so  that  they 
chill  the  casting  quickly.  Then  they  open 
automatically  and  mechanical  fingers  take 
out  the  part.  The  process  is  completely 
mechanized  (done  by  machines),  and  doz- 
ens of  parts  per  minute  can  be  made.  The 
“tree”  of  plastic  parts  in  a model  battleship 
kit  shows  how  an  injection  mold  is  used.  Fig. 
50-9. 

There  are  some  interesting  special  kinds 
of  permanent-mold  castings.  Railroad 
wheels  are  cast  in  carbon  molds  that  are 
stacked  up  like  phonograph  records.  Water 
and  sewer  pipes  are  cast  inside  a.  fast- 
spinning tube.  The  tube  spins  so  fast  that 
the  liquid  iron  is  forced  by  centHfugal  force 


Fig.  50-8.  In  permanent-mold  casting,  the  castings  are 
removed  without  breaking  the  mold.  This 
concrete  beam  mold  can  be  used  over  and 
over  again. 


(pushing  the  iron  outward  from  the  center 
of  the  spinning  tube)  into  the  hollow  shape 

needed  for  the  pipes. 

Hollow  china  cats,  ceramic  wash  basins, 
and  toilet  stools  are  cast  from  a thin  mix- 
ture of  clay  and  water  called  slip.  The  mold 
is  made  of  a material  that  will  absorb  (soak 
up)  water  from  the  slip.  The  slip  stays  in 
the  mold  until  the  water  in  the  slip  next  to 
the  mold  is  soaked  up  into  the  mold.  Then 
this  part  of  the  slip  hardens.  The  mold  is 
then  tipped  over,  and  the  remaining  wet 
slip  is  poured  back  out.  This  leaves  a hollow 
casting.  Ceramic  piggy  banks  are  made  in 
the  same  way. 


The  Foundry  Industry 

Until  the  19th  century,  there  was  very 
little  steel.  Parts  too  large  to  hammer  out 
of  'wrought  iron  (tough  commercial  iron) 
had  to  be  east  from  gray  iron.  Other  ways 
of  casting  have  been  developed  since,  but 
the  foundry  (plant  where  metals  are  cast) 


Fig.  50-9.  Many  plastic  toys  come  in  kits  with  the 

cast  parts  still  attached  to  a "tree.'  These 
parts  can  be  broken  off  the  "tree  and  put 
together  to  make  a toy  battleship.  Can  you 
find  the  gun  turrets  for  the  ship? 
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industry  is  still  important,  especially  in 
Pennsylvania,  Michigan,  Ohio,  and  Illinois. 
Some  of  the  smallest  successful  industries 
are  the  foundries,  simply  because  some 
kinds  of  castings  are  needed  in  small  lots. 
Fig.  60-10,  One-man  brass  foundries  and 
ten-man  iron  foundries  are  still  very  com- 
mon. Larger  foundries  make  parts  to  order. 
They  may  employ  up  to  a thousand  men 
and  be  highly  mechanized.  The  making  of  a 
single  pump  housing  for  a nuclear  subma- 
rine, though,  is  still  an  all-day  job  for  ten 
good  men. 

Some  plants  that  use  castings  in  their 
products  have  their  own  foundries.  The 
largest  foundries  in  this  country  are  those 
in  auto  plants.  There  is  more  cast  iron  in 
a modern  car  than  any  other  metal,  except 
steel. 

Large  foundries  often  specialize  (do  one 
process  or  make  one  product) . For  instance. 


Fig.  50-10.  Small  foundries  are  slill  important  in  this 
country.  They  often  cast  small  numbers  of 
parts  by  hand-pouring.  Here,  metal  is 
being  poured  from  the  furnace  into  a 
crucible.  The  men  will  carry  the  crucible 
from  the  furnace  to  a mold  and  hand-pour 
metal  into  the  mold. 


they  may  pour  only  certain  grades  of  metal, 
or  make  only  such  castings  as  bathtubs  or 
turbine  blades.  If  a buyer  wants  irregular 
cast  iron  in  shell  molds,  there  are  perhaps 
only  a dozen  plants  that  do  this  kind  of 
casting. 

Successful  foundries  need  men  with  skills 
automated  machines  do  not  have.  Automa- 
tion can  do  those  jobs  which  do  not  affect 
the  quality  of  the  casting.  Handling  sand, 
molten  metal,  and  new  castings  can  be  done 
by  machines.  But  men  with  skills  that  ma- 
chines cannot  do  are  needed  for  precise 
melting,  molding,  and  patternmaking.  Fig. 
60-11. 


Other  Casting  Industries 

Casting  most  plastic,  glass,  and  rubber 
products  is  done  by  machines  much  more 
than  is  sand-casting  metal  parts.  This  is 
mainly  because  permanent  molds  can  often 


Fig.  50-11.  The  skilled  molder  is  valuable  because  of 
his  "feel"  for  Ihe  sand  as  he  rams  il 
against  the  pattern. 
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be  used.  A bottle  machine  can  cast  thou- 
sands of  bottles  in  a single  hour.  A new 
plate  glass  process  with  fully  automatic 
controls  can  cast  liquid  glass  on  a bed  of 
molten  tin  to  get  nearly  perfect  flatness.  In 
many  ways,  the  new  fast-casting  processes 
and  machines  seem  to  have  increased  the 
need  for  skilled  Men. 

Summary 

In  casting,  molten  metal  is  poured  or 
pumped  into  a cavity  in  a mold  or  die.  The 
cavity  has  the  size  and  shape  of  the  part  to 
be  made. 

If  the  mold  must  be  broken  in  order  to 
get  the  casting  out  of  the  mold,  the  process 
is  called  one-shot  casting.  It  is  used  to  form 
metals  into  precise  shapes.  Permanent-mold 
casting  uses  the  same  mold  over  and  over 
again,  often  on  a fast  automated  casting 
machine. 

Most  standard  stock  can  be  cast.  Thou- 
sands of  products  are  made  by  casting. 
Skilled  die-makers,  patternmakers,  and 
molders  can  find  work  in  many  different 
industries. 


Terms  to  Know 

components 

gate 

cavity 

risers 

casting 

shell-mold  casting 

molded  part 

fuses 

ingot 

bonded 

pig 

investment  casting 

pellets 

coated 

slip 

embedded 

mold  (die) 

residue 

one-shot  casting 

permanent 

permanent-mold 

permanent-mold 

casting 

process 

machined 

die 

fired 

mechanized 

complex 

centrifugal  force 

excess 

absorb 

pattern 

wrought  iron 

drag  half 

foundry 

core  half 
core  boxes 
core 

specialize 

Think  About  It! 

1.  Can  you  find  three  products  in  your  home 
that  have  been  made  by  a casting  or 
molding  process? 

2.  Of  these  products  that  have  been  cast  or 
molded,  which  of  them  have  been  done 
by  a one-shot  casting  process?  Which 
have  been  done  by  a permanent-mold 
casting  process? 


Compressing 
or  Stretching 


You  have  learned  about  the  forming 
processes  of  (1)  casting  or  molding,  (2) 
compressing  or  stretching',  and  (3)  material 
conditioning.  In  this  reading  you  will  learn 
more  about  forming  by  compressing  and 
stretching  processes.  Fig.  51-1. 


Meaning  of  Compressing  or  Stretching 

The  following  examples  should  help  you 
understand  the  difference  between  compress- 
ing and  stretching.  Rolling  changes  the 
thickness  of  pie  dough  by  compressing  it 
(flattening  and  thinning  it).  When  a rub- 
ber band  is  slipped  around  a package,  its 
shape  is  changed  by  stretching  it  (extend- 
ing it  without  breaking  it) . With  a rubber 
band,  most  of  the  deformation  (change  of 
shape)  is  elastic  (temporary).  The  rubber 
band  usually  returns  to  its  original  shape 
when  the  stretching  forces  are  released  (let 
go).  Plastic  deformation  (material  does  not 
return  to  its  original  shape)  continues  even 
after  the  force  that  caused  it  is  released. 

Solid  materials  are  said  to  be  plastic  if 
their  shape  can  be  changed  permanently 
without  breaking  them.  Many  man-made 
materials  and  some  natural  solid  materials 
can  be  permanently  shaped.  Therefore,  they 
are  known  as  plastic  materials.  (This  use 
of  the  term  plastic  should  not  be  confused 
with  its  use  to  describe  the  new  organic  ma- 
terials known  as  plastics.)  They  are  easily 
shaped  when  they  are  soft.  They  become 
stronger  after  they  have  hardened.  In  gen- 
eral, metals  become  weaker  and  more  plas- 
tic at  higher  temperatures.  Therefore 
strong  metals  are  often  heated  before  they 
are  compressed  or  stretched.  Success  in 
forming  thus  depends  on  the  material,  on 


Subassemblies 

and 

Final  Assemblies 


Fig.  51-1.  Compressing  or  stretching,  in  the  shaded 
area  obove,  is  discussed  in  this  reading. 


Fig.  51-2.  This  chart  shows  several  kinds  of  compressing  or  stretching  processes. 
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the  forming  temperature,  and  on  the  type 
of  process  used. 

Compressing  or  stretching  processes  may 
be  grouped  according  to  the  forces  which 
change  the  shape  of  the  material,  Fig.  51-2. 
Some  processes  compress  materials.  Other 
processes  stretch  materials.  Sometimes,  a 
forming  process  may  compress  and  stretch 
the  material  in  the  same  process.  Forging 
and  rolling  are  examples  of  forming  by 
compressing.  Expanding  and  stretch-form- 
ing are  processes  that  use  tension  (stretch- 
ing). Draioing,  bending,  and  setting 
processes  combine  the  forces  of  compressing 
and  stretching. 

Processes  may  also  be  thought  of  as 
hot-forming  or  cold-forming  ones.  Cold- 
forming of  materials  is  usually  done  at  nor- 
mal room  temperatures.  Hot-forming  is 
usually  done  at  temperatures  far  above 
room  temperature,  perhaps  from  1000°  to 

1500°F.  ’ , 

Cold-forming  increases  the  hardness  ana 
strength  of  materials.  Hot-forming  does  not 
change  these  properties.  The  temperature 


separating  hot-forming  from  cold-forming 
differs  with  each  material.  The  difference 
between  hot-forming  and  cold-forming 
usually  depends  on  the  grain  (texture  or 
structure)  of  the  material. 

Dies  are  special  kinds  of  tools  used  to 
change  the  shape  of  a piece  or  a part.  A die 
has  a shape  that  matches  the  shape  of  the 
piece  or  part  to  be  made.  The  die  to  be  used 
in  a certain  process  may  be  made  in  one 
part  or  in  several  parts.  Dies  are  most  often 
made  from  hard  metals  that  have  been  ma- 
chined to  the  right  shape. 


Importance  of  Compressing 

01*  Stretching 

Many  common  products  are  made  by  the 
forming  processes  of  compressing  and 
stretching.  Automobile  bodies,  metal  foil, 
nuts  and  bolts,  and  some  plastic  containers 
are  good  examples.  Food  products  like 
cookies  and  spaghetti  are  also  shaped  by 
these  same  forming  processes.  Insulating 
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board  and  some  other  types  of  panels  are 
made  by  compressing  powders  or  fibers  with 
the  right  kind  of  adhesive  (binder).  Decora- 
tive patterns  can  be  embossed  (raised)  on 
silver  (Fig.  51-3),  paper,  leather,  and  glass 
by  compressing  or  stretching  processes. 


Forging  Processes 

Forging  with  a hand-held  hammer  as  the 
moving  tool  was  the  first  compressing 
process  used  in  forming.  Fig.  51-4.  The 
blacksmith  used  to  form  horseshoes  in  this 
way.  Now  the  energy  (force)  for  forging 
comes  from  mechanical  hammers  or 
presses.  The  drop-forging  hammer  is 
powered  by  gravity,  sometimes  aided  by 
compressed  gas  or  steam.  The  hammer 
compresses  the  stock  with  repeated  blows. 
In  press-forging,  the  ram  or  die  moves 
more  slowly  and  compresses  the  metal  be- 
tween the  dies  in  one  stroke.  Fig.  61-5. 
Most  metals  are  forged  at  high  tempera- 
tures. 


Fig.  51-3.  These  dies  come  together  to  press  the 
design  on  the  front  and  the  bock  of  the 
handle  of  this  piece  af  silverware. 


Simple  or  rough  forging  processes  can  be 
done  in  hammers  or  presses  that  have  open 
dies  with  flat  faces.  The  stock  between  the 
dies  decreases  in  height  or  thickness  and 
increases  in  width  or  length  as  it  is  flattened 
and  thinned  out.  Metal  changes  shape  at 
the  spot  where  the  forging  hammer  strikes 
it.  Between  blows,  the  metal  may  be  moved 


Fig.  51-4.  One  of  the  earliest  compressing  processes 
(forgingl  used  a hand-held  hammer  as  the 
moving  tool. 


Fig.  51-5.  Large  forging  presses  ore  used  to  hammer 
or  squeeze  parts  from  standard  stock. 
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or  turned  to  let  the  hammer  strike  another 
spot.  More  complex  (complicated)  forgings 
are  made  by  using  shaped  and  matched 
dies. 

Some  components  (parts)  are  cold- 
extruded  (cold-formed)  to  better  control 
the  dimensions  (sizes)  of  the  standard 
stock.  Toothpaste  tubes  and  other  contain- 
ers are  cold-formed  from  small  metal  slugs, 


Fig.  51-6.  Ointment  tubes  and  other  containers  are 
formed  by  a special  kind  of  forging  called 
impact  extrusion. 


Fig.  51-7.  Before  metals  are  compressed  and  stretched, 
they  are  often  heated  to  make  them  more 
plastic  and  easier  to  form. 


Fig.  51-6.  Because  the  tool  moves  at  high 
speed,  this  process  is  called  impact  extru- 
sion. 

Rolling  Processes 

Compressing  can  also  be  done  with  rotat- 
ing tools  called  rolls.  Rolling  is  an  important 
way  to  form  standard  stock.  It  is  also  used 
to  form  parts  from  standard  stock.  Rolling 
cuts  down  the  cross  section  (width  and 
thickness)  and  increases  the  length  of  the 
stock.  Rolls  with  grooves  act  like  dies  to 
make  shaped  parts.  Aluminum  foil  and 
many  food  products  are  rolled  at  room 
temperatures.  Heavy  metal  sections  are  hot- 
rolled,  Fig.  51-7. 

Rolls  with  cavities  with  the  right  shapes 
can  forge  finished  parts  or  short,  simple 
shapes  for  later  processing.  The  dies  are 
either  machined  in  or  fastened  to  the  rolls. 
During  each  revolution  (turn)  of  the  roll, 
a shaped  die-opening  locks  onto  the  stock, 
shapes  it,  and  allows  it  to  be  taken  out  of 
the  roll.  Fishing  rods  and  tines  on  pitch- 
forks  are  products  that  are  roll-forged  in 
this  way.  See  Fig.  51-8. 


Fig.  51-8.  Embossed  leather  belts  lAl,  tapered 

fiberglass  fishing  rods  (Bl,  and  aluminum 
foil  (Cl  are  all  examples  of  products  made 
by  rolling  processes. 
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Compression  Molding  Processes 

Powdered  materials  are  compressed  in 
closed  dies  to  form  useful  products.  The 
compression  molding  process  causes  the 
particles  of  the  powder  to  come  together  to 
form  a solid  part.  See  Fig.  51-9.  With  metal 
the  process  is  usually  combined  with  sinter- 
ing (heating)  to  make  the  compressed  part 
hard  and  strong.  The  molding  processes  you 
learned  about  before  in  Reading  50  are  done 
with  liquids  or  semiliquids.  The  molding 
process  described  here  is  different  because 
a powder  (solid)  is  used. 


Bending  Processes 

Bending  is  a simple  forming  process  that 
causes  very  little  change  in  the  dimensions 
of  standard  stock.  Different  kinds  of  stock 
can  be  bent  with  the  right  kind  of  tools.  One 
part  of  the  tool  keeps  part  of  the  stock  from 
moving,  while  the  other  part  pushes  the 
rest  of  the  stock  around  a forming  tool  into 


Fig.  51-9.  Particleboard  (A),  hardboard  or 

pegboard  IB),  and  insulation  board  (C)  are 
made  from  small  wood  chips  by  compression 
molding.  Combining  the  chips  with  heat, 
pressure,  and  a binding  agent  makes  the 
product  hard  and  strong. 


the  right  shape.  See  Fig.  51-10.  The  ma- 
terial on  the  outside  of  the  bend  is  stretched. 
The  material  on  the  inside  of  the  bend  is 
compressed. 

Paper  clips  and  wire  coat  hangers  are 
mass-produced  in  special  bending  machines. 
See  Fig.  51-11.  Some  metal  cabinets,  boxes, 
and  parts  for  desks  are  bent  from  sheet 
metal.  Folding  paper  or  leather  pieces  is  a 
bending  process. 


Drawing  Processes 

Presses  are  also  used  to  draw  or  stretch- 
form  sheet  stock  into  slightly  dished  or 
domed  parts,  as  well  as  into  other  simple 
shapes.  Fig.  51-12.  The  edges  of  the  stock 
are  held  tightly  while  a tool  with  the  right 
shape  pushes  at  the  center.  Stretching 
makes  the  stock  become  thinner. 

Cups  which  are  deeper  than  their  diam- 
eters are  made  by  deep  drawing.  This 
process  is  more  complicated  than  stretch- 
ing. In  deep  drawing,  sheet  stock  is  pushed 


Fig.  51-10.  Large  slip  roll-forming  machines  are  used 
to  bend  sheet  and  plate  standard  stock 
into  cylindrical  shapes. 
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Fig.  51-1 1.  Small  diameter  wire  or  large  pipe  can  be 
formed  into  parts  by  cold-bending 
processes. 


Fig.  51-12.  Some  automobile  parts  are  drawn  by 

pressing  sheet  stock  between  two  matched 
dies.  Notice  the  shaped  part  on  the  floor. 


through  an  opening  in  a die  by  a central 
tool  or  punch.  Another  part  of  the  tool 
(called  the  blank  holder)  keeps  the  outer 
edges  of  the  sheet  material  from  wrinkling. 
Stretching,  compressing,  and  bending  all 
take  place  during  deep  drawing. 

Some  parts  made  from  sheet  stock  are 
drawn  with  a single  die  instead  of  a 
matched  set  of  dies.  Pressurized  gas,  a 
fluid,  or  a rubber  pad  (instead  of  a metal 
punch)  forces  the  sheet  stock  into  the  die 
cavity. 

Some  metal  parts  are  too  large  to  be 
made  by  a press.  They  are  usually  made  by 
explosive-forming.  In  this  process,  a fluid 
(usually  air  or  water)  carries  an  explosive 
shock  to  the  stock.  See  Fig.  51-13.  Other 
sources  of  energy  can  be  found  when 
presses  cannot  be  used. 

Some  organic  plastics,  with  low  strengths, 
are  vacuum-formed.  After  a vacuum  is 
formed  between  the  stock  and  the  die,  air 


Water  pit  or  tank 


Explosive 

Water 

blank 


Vacuum  line 


Fig.  51-13.  This  sectional  sketch  shows  how  the 

explosive-forming  process  works.  Water 
conducts  the  force  of  the  detonation 
shock  wave  to  the  blank,  forming  it  against 
the  die. 
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pressure  forms  the  part,  Fig.  51-14.  On  the 
other  hand,  a pressurized  gas  can  be  used 
to  blow  the  stock  into  the  right  shape.  Glass 
bottles  and  other  organic  plastics  are  blow- 
molded  in  this  way.  Fig.  51-15. 

Summary 

Some  standard  stock  can  be  deformed 
(changed)  into  other,  more  useful  shapes 


Fig.  51-14.  Heat  and  air  pressure  are  used  to  form 

plastic  parts  by  vacuum-forming  processes. 


without  breaking.  Deforming  processes  com- 
press, stretch,  or  use  combined  forces  to 
change  the  shape  of  the  standard  stock.  For 
metals,  stretching  and  compressing  may  be 
done  by  either  hot-forming  or  cold-forming 
processes.  Cold-forming  increases  the  hard- 
ness and  strength  of  the  stock,  but  hot- 
forming  does  not.  Some  of  the  important 
compressing  or  stretching  processes  are 
forging,  rolling,  compression  molding,  bend- 
ing, and  drawing. 

Terms  to  Know 

compressing 
stretching 
deformation 
elastic 
released 

plastic  deformation 
plastic 
plastics 
forging 
rolling 
expanding 
stretch-forming 
tension 
drawing 
bending 
setting 
cold-forming 
hot-forming 
grain 
dies 

adhesive 

Think  About  It ! 

1.  In  Fig.  51-2,  there  is  a chart  that 
shows  several  kinds  of  compressing  or 
stretching  processes.  What  products  can 
you  find  around  your  school  that  have 
been  made  by  each  of  the  processes 
shown  in  the  chart?  (Try  to  think  of 
others  than  the  ones  shown  on  the  chart.) 

2.  How  do  makers  of  cookies  (or  spa- 
ghetti) use  compressing  or  stretching 
processes  in  the  manufacture  of  these 
food  products? 


embossed 
energy 
press-forging 
complex 
components 
cold-extruded 
dimensions 
impact  extrusion 
rolls 
rolling 
cross  section 
revolution 
compression 
molding  process 
sintering 
deep  drawing 
explosive-forming 
vacuum-formed 
blow-molded 
deformed 
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In  the  last  two  readings,  you  learned 
about  two  of  the  three  major  ways  to  form 
standard  stock.  They  were  (1)  casting  or 
molding,  and  (2)  compressing  or  stretching. 
They  make  one-piece  products  or  components 
(parts)  by  changing  the  shape  or  dimen- 
sions  (sizes)  of  standard  stock.  Thus  they 
make  external  (outside)  changes  that  any- 
one can  see. 

Conditioning  is  the  third  major  way  to 
form  standard  stock,  Fig.  52-1.  It  is  done  to 
change  the  internal  (inside)  structure  of  the 
standard  stock.  Internal  changes  do  not  usu- 
ally show  on  the  outside.  Thus  they  cannot 
be  seen.  Conditioning  is  used  to  make  many 
different  products  from  many  different  kinds 
of  standard  stock.  There  are  several  impor- 
tant ways  to  condition  standard  metal  stock. 
This  is  especially  true  in  making  steel. 


Reasons  for  Conditioning 

There  are  two  major  reasons  for  condi- 
tioning standard  stock.  They  arc: 

1.  to  make  the  stock  easier  to  process,, 
and 

2.  to  give  the  final  product  some  special 
quality  or  property  (feature). 

Hardness  is  a feature  of  standard  stock 
that  can  often  be  changed  by  conditioning. 
Hardness  is  important  for  metal  parts  that 
must  not  wear  out  fast.  Standard  stock  that 
will  be  made  into  machines  does  not  need 
to  be  very  hard. 

Ductility  and  strength  are  two  other  fea- 
tures of  standard  stock  that  can  be  increased 
or  decreased  by  conditioning.  Ductility  re- 
fers to  how  easily  a piece  of  standard  stock 
can  be  stretched  or  compressed.  Strength 
refers  to  how  well  a piece  of  standard  stock 


Standard  Stock 


Forming 

Separating 

Casting 

Shearing 

or  molding 

Compressing 

Chip  removing 

or  stretching 

Other  processes 

1 

Components 


Combining 

Mixing 

Coating 
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Mechanical 
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Subassemblies 
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Fig.  52-1.  Conditioning,  in  the  shaded  area  above, 
is  discussed  in  this  reading. 
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can  stand  up  under  stress  or  strain.  The  in- 
ternal structure  of  standard  stock  is  made 
up  of  small  particles  called  crystals  or  cells. 
In  metals,  these  crystals  or  cells  are  called 
grains.  "V^en  the  grains  of  a metal  are 
round  and  widely  spaced,  the  metal  is  ductile 
and  not  vei-y  strong.  Fig.  52-2 (A).  When 
the  grains  are  small  and  flattened  out,  the 
metal  is  strong  and  not  very  ductile.  Fig. 
62-2  (B). 

Standard  stock  that  is  not  metal  can  also 
be  conditioned.  Concrete  is  kept  wet  during 
its  curing  process  to  increase  its  strength. 
Clay  products  are  fii'ed  to  bake  on  surface 
decorations  and  to  strengthen  the  clay.  Wood 
products  are  treated  (finished)  so  that  they 
won’t  wear  out  quickly,  so  that  they  won’t 
warp  (fold  and  buckle),  and  so  that  insects 
won’t  attack  them.  Food  is  cooked  or  frozen 
to  make  it  more  tender,  to  improve  its  flavor, 
or  to  keep  it  from  spoiling. 

Thus  you  can  see  that  conditioning  is  done 
for  many  specific  reasons.  There  are, 
though,  only  two  general  reasons  why  stand- 
ard stock  is  conditioned.  The  first  reason  is 
to  make  the  stock  easier  to  process.  For  in- 
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Fig.  52-2.  The  internal  structure  of  metal  is  made  up 
of  crystals  or  cells  called  grains. 

A.  Steel  is  ductile  and  not  very  strong 
when  the  grains  (particles)  are  round 
and  widely  spaced. 

B.  Steel  Is  strong  and  not  very  ductile 
when  the  grains  are  flattened  out. 


stance,  metals  can  be  conditioned  to  increase 
their  ductility  so  that  they  can  be  more  eas- 
ily formed  and  shaped.  The  second  reason  is 
to  give  some  special  quality  or  feature  to 
the  stock  so  that  the  finished  product  can 
do  its  job  better.  Fig.  62-3.  Strength  and 
hardness  are  two  features  that  are  needed 
in  metal  products. 

Conditioning  Processes 

There  are  three  major  ways  to  condition 
standard  stock.  They  are  (1)  thermal  condi- 
tioning, (2)  mechanical  deforming,  and  (3) 
chemical  reactions.  In  addition,  there  are 
several  physical  conditioning  processes. 

Thermal  Conditioning 

Heat-treating  is  the  most  common  kind  of 
thermal  conditioning.  Heat-treating  changes 


Fig.  52-3.  These  thin  slices  of  silicon  are  known  as 
wafers.  They  are  headed  for  an  oven 
where  each  wafer  will  become  hundreds  of 
tiny  integrated  electronic  circuits.  Each 
wafer  will  replace  dozens  of  ordinary 
parts  in  electronic  systems.  In  this  early 
step  of  manufacture,  the  wafers  are  placed 
in  a quartz  "boat"  to  be  conditioned  in  an 
oven  at  red-hot  heat  to  give  them  a 
protective  oxide  coating. 
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the  features  of  standard  stock  by  raising  or 
lowering  temperatures.  The  temperature 
change  is  temporary  (lasts  only  a short 
time)  and  is  controlled  in  order  to  get  the 
right  feature  for  the  piece  of  standard 
stock.  The  right  temperature,  the  right  rate 
of  heating  or  cooling  to  reach  that  tempera- 
ture, and  the  right  length  of  time  to  keep 
the  stock  at  that  temperature  are  all  con- 
trolled very  carefully.  For  instance,  coffee 
is  frozen  and  then  dried  to  make  freeze- 
dried  instant  coffee.  Fig.  52-4. 

All  metals  can  be  softened  by  heat- 
treating.  This  process  is  called  annealing. 
Aluminum  can  be  annealed  at  650°F.,  cop- 
per at  900°F.,  and  most  steels  at  about 
1600 °F.  Most  steels  must  be  cooled  slowly 
until  they  reach  room  temperature.  Alumi- 
num and  copper  do  not  need  slow  cooling  in 
order  to  keep  them  soft. 

Many  steels  are  normalized.  In  this  proc- 
ess, steel  is  heated  to  a fairly  high  tempera- 


Fig. 52-4.  Some  coffee  is  frozen  and  then  dried  to 
make  freeze-dried  instant  coffee.  This  is  a 
thermal-conditioning  process. 


ture  (about  1700°F.).  Then  it  is  air-cooled. 
Before  a piece  of  steel  is  normalized,  there 
are  often  internal  stresses  (t. impressing  or 
stretching  forces)  trapped  here  and  there 
in  the  grain  structure.  Normalizing  takes 
away  these  spots  of  stress  and  spreads  iron 
carbide  grains  evenly  throughout  the  steel. 
It  can  also  make  steel  easier  to  heat-treat. 

Steels  are  made  harder  and  stronger  by 
heating  them  to  about  1600 °F.  and  then 
cooling  them  quickly.  The  usual  technique 
for  cooling  is  called  quenching.  The  steel  is 
plunged  quickly  into  oil  or  water.  Fig.  52-5. 
Steel  hardened  this  way  is  likely  to  be 
brittle  (easily  snapped),  so  quenching  is 
usually  followed  by  tempering.  This  tech- 
nique makes  the  hardened  steel  less  brittle 
and  more  ductile. 

Often  the  surface  (outside)  layer  of  a 
product  must  be  very  hard  so  that  it  will 
not  wear  out  quickly.  At  the  same  time,  the 
core  (underlying  metal)  must  be  tough  so 
that  the  product  can  stand  hard  blows  and 


Fig.  52-5.  Steel  can  be  hardened  by  heating  it  and 

then  quenching  it.  This  technique  is  done  by 
plunging  the  steel  into  oil  or  water. 
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much  battering,  Fig.  62-6.  Making  a hard 
surface  (case)  with  a tough  core  is  called 
case-hardening.  Only  the  outer  layer  (case) 
is  raised  to  the  hardening  temperature.  This 
is  done  in  a special  carbon  gas.  The  core 
itself  is  not  heated  very  high,  so  it  stays 
hard  and  tough.  Fig.  62-7. 


Fig.  52-6.  This  twist  drill  was  conditioned  so  that  it 
would  be  hard  enough  to  drill  holes 
through  other  materials. 


Fig.  52-7.  These  gear  teeth  are  being  flame- 
hardened.  This  special  ki'nd  of  case 
hardening  leaves  the  inside  of  the  gear 
teeth  tough  but  not  brittle. 


Mechanical  Deforming 

Standard  stock  can  sometimes  be  condi- 
tioned indirectly.  It  is  done  during  some 
other  process  that  has  a very  different  pur- 
pose. For  instance,  the  main  purpose  of  most 
mechanical  deforming  processes  (those  that 
change  forms  of  standard  stock  by  ma- 
chines) is  to  form  standard  metal  stock  into 
some  part  or  one-piece  product.  It  turns  out 
that  the  metal  stock  is  often  conditioned 
while  it  is  being  formed.  Fig.  62-8. 

If  mechanical  deforming  is  done  at  high 
temperatures,  it  is  called  a hot-working 
process.  If  it  is  done  at  room  temperatures, 
it  is  called  a cold-working  process.  Hot- 
working  sometimes  changes  the  size  of  the 
grains  in  the  metal.  Usually  the  higher  the 
working  temperature,  the  larger  the  grain 
size  will  be.  Cold-working  will  often  increase 
the  strength  and  cut  down  the  ductil- 
ity of  the  metal.  Fig.  62-9.  It  is  known  ahead 
of  time  that  internal  changes  like  these  will 
take  place.  The  process  is  not  done,  though, 
to  make  these  changes  take  place.  It  is  done 
to  give  the  standard  stock  a different  shape. 


Fig.  52-8.  Cold-rolling  plates  for  reactor  fuel  parts 
also  cause  Indirect  hardening  of  the 
material.  This  Is  called  mechanical 
deformation  conditioning. 
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Chemical  Reaction 

In  a chemical  reaction,  the  atoms  that 
make  up  the  piece  of  standard  stock  rear- 
range themselves.  When  they  do,  they  form 
products  that  are  chemically  different  from 
the  original  stock.  Heat  is  needed  to  make 
some  chemical  reactions  take  place.  For  in- 
stance, fruits  and  vegetables  are  canned  to 
keep  them  from  spoiling  and  to  make  them 
digestible  (able  to  be  eaten).  The  baking  of 
dough  for  bread,  rolls,  and  cakes  is  another 
kind  of  thermal  (heat)  chemical  reaction. 
Still  another  kind  is  the  hardening  of 
thermosetting  plastics.  Fig.  62-10.  Other 
chemical  reactions  include  the  tanning  of 
leather  and  the  curing  of  standard  stock  by 
exposing  it  to  radioactivity. 


Physical  Conditioning: 

There  are  only  a few  physical  condition- 
ing processes  used  to  make  parts  or  prod- 
ucts. For  instance,  the  piece  of  steel  that 
will  become  a compass  needle  must  be  mag- 


Fig. 52-9.  Cold-working  usually  changes  the  size  and 
spacing  of  the  grains  of  the  metal.  This 
increases  strength  and  decreases  ductility 
of  the  metal. 


netized  before  it  is  assembled  (put  togeth- 
er) with  the  other  compass  parts.  Magnetiz- 
ing is  a physical  change  in  the  steel  brought 
about  by  a physical  process.  See  Fig.  62-11. 

When  and  Where  Conditioning  is  Done 

Some  conditioning  is  done  near  the  start 
of  a manufacturing  process.  It  is  done  at 
that  time  to  get  standard  stock  ready  for 
mechanical  deforming,  machining,  or  some 


Fig.  52-10.  This  radio  case  was  formed  by  a 

chemical  reaction  which  hardened  the 
thermosetting  piastic. 


Fig.  52-1 1.  The  tip  of  this  screwdriver  has  been 

magnetized.  This  is  a physicai  change  in 
the  steel. 
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other  process.  Thus  steel  bar  stock  that  is 
to  be  made  into  parts  may  have  to  be  nor- 
malized before  the  first  mt.’chining  process 
can  take  place.  In  this  case,  he  conditioning 
is  done  near  the  start  of  the  manufacturing 
cycle  (series  of  production  processes). 

Sometimes  conditioning  is  done  later  in 
the  cycle  to  make  forming  easier.  Often 
there  are  several  conditioning  steps.  One 
example  is  the  draiving  of  complex  parts 
from  sheet  metal.  It  may  take  three  draws 
to  make  a certain  sheet  metal  part.  Each 
draw  leaves  the  metal  very  hard  and  not 
very  ductile.  To  make  it  more  ductile,  the 
metal  is  annealed  (softened)  between  each 
of  the  drawing  steps.  The  full  cycle  would 
include  these  steps;  (1)  cut  blank,  (2)  make 
first  draw,  (3)  anneal,  (4)  make  second 
draw,  (5)  anneal  again,  and  (6)  make  third 
draw.  The  annealing  between  draws  is  an 
example  of  in-process  conditioning.  See  Fig. 
62-12. 

Some  conditioning  is  done  so  that  the  fin- 
ished product  can  better  do  what  it  is  sup- 
posed to.  This  kind  of  conditioning  is  done 
at,  or  near,  the  end  of  the  manufacturing 
cycle.  Hardening  the  surface  of  ball  bear- 
ings to  make  sure  they  won’t  wear  out 
quickly  is  an  example  of  end-process  condi- 
tioning. See  Fig.  52-13. 


Fig.  52-12,  This  metal  tank  part  is  being  placed  in  an 
annealing  furnace  between  forming 
processes.  This  is  an  in-process  conditioning 
treatment. 


Most  ill-process  conditioning  is  done  by 
the  plant  that  makes  the  product.  Sometimes 
standard  stock  is  conditioned  before  it 
leaves  the  plant  so  that  it  will  be  easier  to 
fabricate  (construct  with  standard  parts). 


Fig.  52-13.  This  plastic  nozzle  liner  for  a Titan  lll-C 
rocket  motor  enters  one  of  the  world’s 
largest  hydroclaves  to  start  the  cure 
cycle.  This  is  called  end-process 
conditioning. 


Fig.  52-14.  Job  heat-treating  shops  may  have  many 
different  sizes  of  furnaces,  from  very 
small  ones  to  very  large  ones. 
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Heat-treating  of  metals  is  often  done  in  job 
heat-treaiing  shops,  Fig.  52-14.  Nearly  all 
chemical  conditioning  is  done  by  +he  proc- 
essor, not  by  the  supplier  of  the  standard 
stock. 

Summary 

Conditioning  is  a way  to  form  standard 
stock  by  changing  its  internal  structure 
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without  making  any  change  in  its  external 
structure.  There  are  two  major  reasons  why 
standard  stock  is  conditioned.  The  first  is  to 
make  the  standard  stock  easier  to  process. 
The  second  is  to  give  the  final  product  some 
special  quality  or  feature.  The  most  com- 
mon ways  to  condition  standard  stock  are 
(1)  thermal  conditioning,  (2)  mechanical 
deforming,  and  (3)  chemical  reactions. 


Terms  to  Know 
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What  products  around  your  home  have 
been  conditioned  by  heat-treating  ? By 
mechanical  deformation?  By  chemical 
reaction? 

What  kinds  of  chemical  reactions  go  on 
in  the  baking  of  bread  dough?  In  the 
canning  of  fruits  and  vegetables? 


> 


\ 

f: 


* 


t 


b 

1. 


Material 

Separating 

Practices 


In  the  last  three  readings,  you  learned 
how  standard  stock  is  formed  into  parts  or 
finished  products.  In  this  reading,  you  will 
learn  how  standard  stock  is  separated,  Fig. 
63-1. 

Standard  stock  must  often  be  separated 
to  make  parts  or  one-piece  products.  You 
have  learned  that  there  are  two  ways  to 
change  standard  stock.  They  are  (1)  form- 
ing and  (2)  separating.  You  have  also 
learned  that  parts  can  be  assembled  (com- 
bined) into  products  with  many  parts. 


The  Meaning  of  Standard 
Stock  Separating 


Separating  standard  stock  starts  with 
some  piece  of  stock  that  is  too  large  in  at 
least  one  size.  It  can  be  reduced  (cut  down) 
to  a part  or  a one-piece  product  by  remov- 
ing (taking  off)  the  excess  (extra)  stock  in 
some  way.  For  instance,  cutting  paper  is 
one  way  to  separate  standard  stock.  Sawing 
a piece  of  wood  is  another  way.  Standard 
stock  can  be  separated  by  the  use  of  mechan- 
ical force,  chemicals,  electric  current,  or 
heat.  You  will  learn  about  these  techniques 
in  later  readings. 

The  stock  left  over  after  the  excess  has 
been  separated  may  be  as  important  as  tbs 
part  or  product  itself.  Often  the  excess  can 
be  made  into  a by-product.  This  can  be  seen 
in  the  making  of  bottle  caps.  When  bottle 
caps  are  sheared  (cut)  from  sheet  stock, 
the  excess  can  be  used.  It  might  be  made  into 
covers  for  furnace  filters. 
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Fig.  53-1.  Separating  practices,  in  the  shaded  area 
above,  are  discussed  in  this  reading. 
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The  Importance  of  Standard 
Stock  Separating 

All  standard  stock  is  separated  at  some 
time  in  the  manufacturing  cycle  (series  of 
production  processes).  Standard  stock  can 
be  separated  into  bulk  shapes.  Paper,  cloth, 
and  sheet  metal  can  be  made  cheaply  in 
long  sheets  of  standard  stock  lengths.  These 
can  later  be  cut  to  any  size  that  is  needed. 

Major  Separating  Processes 

There  are  three  major  ways  to  separate 
standard  stock.  They  are  (1)  shearing,  (2) 
chip  removing,  and  (3)  other  processes. 
Each  is  briefly  explained  in  this  reading. 
You  will  learn  more  about  them  in  the  next 
three  readings. 

Shearing 

Shearing  (cutting)  cuts  off  excess  (extra) 
stock  from  a piece  of  standard  stock  that  is 


Fig.  53-2.  large  presses,  such  as  fhe  one  shown  here, 
are  offen  used  fo  shear  standard  stock 
materials  to  size.  This  press  will  put  over 
600  tons  of  pressure  on  a cutting  edge  to 
shear  material  to  the  right  size. 


too  large  in  at  least  one  size.  Pressure 
(force)  is  put  o.n  the  cutting  edge  of  a 
shearing  tool.  Fig.  63-2.  The  shearing  tool 
must  be  harder  and  .stronger  than  the  stock 
being  cut.  The  stock  that  is  cut  off  falls 
away  in  one  piece  or  ;n  several  pieces. 

You  can  cut  aluminum  with  sheet  metal 
shears.  You  can  cut  paper  with  a pair  of 
scissors.  You  can  punch  holes  in  paper  with 
a paper  punch.  All  these  are  examples  of 
shearing.  See  Fig.  63-3. 

Shearing  is  often  combined  with  forming. 
This  is  done  with  a wide  range  of  products, 
from  bottle  caps  to  car  doors,  The  sheet 
stock  is  compressed  (or  strevdied)  and 
sheared  to  the  right  size  at  the  sai.ne  time  in 
one  machine. 

Shearing  often  limits  (cuts  down  o.n)  how 
much  can  be  cut  from  a piece  of  standard 
stock.  What  can  be  cut  often  depends  on  the 
size  of  the  shearing  tool  and  the  ctoss- 
sectional  area  of  the  standard  stock  (thick- 
ness of  the  stock) . 


Fig.  53-3.  Two  shear  operafors  are  cuffing  fhick 

boiler  plafes  fo  size  wifh  a power  press. 
These  plafes  will  lafer  be  combined  wifh 
ofher  pieces  info  a final  assembly. 
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Chip  Removing 

Chip  removing  also  takes  off  excess  stock 
by  using  pressure  on  a cutting  edge.  The 
excess  is  taken  off  in  the  form  of  chips 
(small  bits  or  pieces)  until  all  that  is  left 
is  the  standard  stock  piece  in  the  right 
shape,  Fig.  53-4. 

Chip  removing  is  like  shearing  in  one 
way.  When  two  materials  come  together  and 
enough  pressure  is  put  on  one  or  both  of 
them,  the  one  that  is  softer  or  weaker 
usually  gives  way.  If  you  put  pressure  on 
wood,  plastic,  or  clay  with  a pocket  knife, 
the  softer  material  (the  wood,  plastic,  or 
clay)  gives  way  in  small  bits  or  chips.  If 
you  put  pressure  on  a piece  of  hardened 
tool  steel  with  the  same  pocket  knife,  the 
blade  of  the  knife  would  give  way  because 
it  is  now  the  softer  material. 

You  can  remove  chips  without  costly 
tools  and  dies.  But  chip  removing  is  more 
wasteful  than  shearing  is.  Unless  the  chips 
can  be  used  again,  the  waste  becomes  costly 
when  millions  of  parts  are  being  made. 

Chip  removing  can  be  very  precise  when 
you  need  close  tolerances  (how  much  the 
same  parts  can  differ  in  size  and  shape  and 
still  be  used).  A centerless  grinder  used  to 
machine  a shaft  to  a close  tolerance  is  one 
kind  of  tool  used  for  precise  chip  removing. 
Chip  removing  does  not  always  need  to  be 
this  precise.  A disk  sander  removing  rust 
from  a car  body  is  one  kind  of  tool  used  for 
less  precise  chip  removing.  You  can  cut 
wood  with  a saw.  You  can  scrape  metal 
away  with  a file.  You  can  bore  a hole  in 
plastic  with  a twist  drill.  You  can  sand 
wood  with  a piece  of  abrasive  (rough) 
paper.  You  can  grind  metal  with  an  abra- 
sive wheel.  All  these  are  examples  of  chip 
removing.  See  Fig.  53-5. 

Other  Processes 

There  are  other  ways  to  separate  stand- 
ard stock  that  cannot  be  classed  as  either 
shearing  or  chip  removing.  In  recent  years, 
new  materials  have  been  found.  New  and 
different  shapes  can  be  formed  with  them. 


To  do  this,  special  processes  have  been  de- 
veloped. They  have  often  been  used  only  on 
special-purpose,  limited-production  jobs. 

You  can  use  chemicals,  electric  current, 
and  heat  to  separate  standard  stock.  Several 


Fig.  53-4.  Here  a drill  press  operator  is  removing 

chips  from  a piece  of  steel  in  a separating 
(chip  removing)  process. 


Fig.  53-5.  Round  stock  may  be  separated  on  a lathe 
by  the  process  of  chip  removing.  The 
diameter  of  this  steel  cylinder  is  being  cut 
down  to  size  by  chip  removing. 


of  these  ways  are  being  used  today.  One  of 
them  is  thermal  erosion  (wearing  away  by 
heat).  A cutting  torch  is  a tool  that  uses 
this  technique,  Fig.  63-6.  Another  way  to 
separate  standard  stock  is  chemical  separat- 
ing. For  instance,  acid  is  used  to  etch 
metal  (eat  away  the  metal  in  a pattern  or 
design).  Electric  current  and  chemicals  can 
be  combined  to  separate  standard  stock.  For 
instance,  an  alkaline  solution  can  be  used  to 
conduct  electric  current.  This  process  is 
called  electrochemical  separating.  Stili  an- 
other way  to  separate  standard  stock  is 
induced-fracture  separating  (using  force  to 
make  breaks  in  the  stock).  Glass-cutting  is 
a good  example  of  induced-fracture  separat- 
ing. 

Summary 

Separating  standard  stock  is  a process 
that  cuts  down  the  size  of  a piece  of  stand- 
ard stock  by  taking  off  the  excess  in  some 
way.  All  standard  stock  is  separated  at 
some  time  in  the  manufacturing  cycle. 
There  are  three  major  ways  to  separate 
standard  stock.  They  are  (1)  shearing,  (2) 
chip  removing,  and  (3)  other  processes. 
Shearing  cuts  off  the  excess  stock  and  leaves 
the  right  size  and  shape.  Chip  removing 


Fig.  53-6.  Several  pieces  of  plate  steel  are  fastened 
together  with  clamps  Heft  side  of  picture). 
A cutting  torch  using  oxygen  and  acetylene 
gas  is  making  parts  from  each  plate  by 
thermal  erosion. 
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takes  off  the  excess  stock  in  small  bits  and 
chips.  There  are  chip  removing  tools  that 
can  be  used  to  get  very  close  tolerances. 
There  are  other  such  tools  that  are  used 
when  less  precise  tolerances  are  needed. 
New  materials  have  been  found  in  recent 
years.  New  processes  have  been  developed 
to  work  with  them.  Chemicals,  electric  cur- 
rent, and  heat  can  be  used  to  separate  these 
new  materials. 

Terms  to  Know 

formed 
separated 
forming 
separating 
assembled 
reduced 
removing 
excess 
by-product 
sheared 

manufacturing  cycle 
shearing 
pressure 
chip  removing 
other  processes 

Think  About  It  I 

1.  From  the  following  list  of  materials,  de- 
termine which  separating  process  should 
be  used.  Should  they  be  separated  by 
shearing  or  chip  removing?  Materials: 
sheet  metal,  sheet  rubber,  an  iron  cast- 
ing, paper,  block  of  stone. 

2.  From  the  following  list  of  separating 
jobs,  determine  which  separating  process 
would  be  used  to  perform  each  job. 
Should  thermal  erosion,  chemical  sepa- 
rating, electrochemical  separating,  or  in- 
duced-fracture separating  be  used? 

Separating  jobs : cut  glass  for  a window 
pane,  burn  a hole  through  metal,  etch  a 
design  on  glass  or  metal,  cut  a rough 
diamond,  rapidly  eat  a hole  through 
metal. 


compressed 

stretched 

limits 

cross-sectional 

area 

chips 

tolerances 

abrasive 

special  processes 
thermal  erosion 
chemical  separating 
etch 

electrochemical 

separating 

induced-fracture 

separating 
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There  are  three  major  ways  to  separate 
standard  stock.  They  are  (1)  shearing,  (2) 
chip  removing,  and  (3)  other  processes.  In 
this  reading,  you  will  learn  more  about  how 
shearing  is  done,  Fig.  64-1. 


Shearing  Processes 

Shearing  is  a process  that  cuts  off  part  of 
a piece  of  standard  stock.  The  purpose  is  to 
give  shape  to  the  stock  or  to  cut  it  into 
pieces.  There  is  a basic  difference  between 
shearing  and  chip  removing.  In  chip  remov- 
ing, small  bits  or  chips  of  the  stock  fall 
away  and  are  lost.  In  shearing,  no  stock  is 
lost  by  crumbling,  shredding,  or  powdering. 
Also,  the  excess  stock  cut  off  in  shearing 
can  often  be  used  to  make  something  else. 
In  these  ways,  shearing  is  less  wasteful 
than  chip  removing. 

When  Shearing  Occurs 

Shearing  is  done  at  many  different  times 
while  a part  or  a product  is  being  made. 
Paper  is  taken  from  rolls  and  sheared  to 
the  right  size  and  shape,  Fig.  64-2.  Cloth  is 
taken  from  bolts  and  sheared  to  many  dif- 
ferent sizes  and  shapes.  Metal  and  plastic 
standard  stock  in  sheet,  bar,  and  tube  form 
are  sheared  to  the  right  size  by  heavy  ma- 
chines. Before  wire  can  be  made  into  nails, 
it  must  be  sheared  to  the  right  lengths.  All 
these  materials  come  to  the  manufacturer  in 
standard  stock  lots.  All  of  them  must  be 
sheared  to  the  right  size  and  shape  before 
they  can  be  used. 

Extruded  bricks  (those  shaped  by  forcing 
them  through  a die)  are  sheared  to  the 
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Fig.  54-1.  Shearing,  in  the  shaded  area  above,  is 
discussed  in  this  reading. 
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right  thickness  with  a wire  tool.  Some 
cookie  dough  is  extruded  in  a continuous 
length  and  then  cut  into  pieces.  Both  of 
these  materials  are  sheared  after  some  man- 
ufacturing processes  have  taken  place,  but 
before  others  have. 

Shearing  takes  place  during  the  final 
trimming  of  a magazine.  This  is  the  last 
manufacturing  process  for  this  product. 
The  handling  and  shipping  that  come  later 
are  distribution  processes  (ways  to  get  the 
product  to  the  customer) . 

All  these  examples  show  that  shearing 
can  take  place  at  any  time  while  a product 
is  being  made. 


Shearing  to  Size  and  to  Shape 

Standard  stock  is  often  very  large,  or  very 
bulky  in  shape.  It  is  made  in  large  sizes  and 
bulky  shapes  because  that  is  the  cheapest 
way  to  make  it.  Shearing  cuts  standard 
stock  down  to  sizes  and  shapes  that  can  be 
used  to  make  parts  or  one-piece  products. 

In  shearing  stock  that  comes  in  sheets  or 
plates,  the  line  that  the  shearing  tool  will 
follow  is  called  the  line  of  shear.  It  may  be 
straight  or  curved.  The  first  cuttings  of 
standard  stock  are  always  straight-lvne 
shears.  Later,  angular  and  curved  edges  of 


Fig.  54-2,  Paper  is  made  in  large  rolls  and  later  is 

cut  into  usable  sizes  by  a shearing  process. 
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many  kinds  can  be  sheared.  Stock  can  be 
cut  to  almost  any  shape,  from  a bicycle  fen- 
der to  a lamp  shade. 

Shearing  Tools  and  Operations 

r 

Shearing  is  a process  that  puts  pressure 
(force)  on  the  cutting  edge  of  a shearing 
tool.  The  shearing  tool  must  be  harder  and 
stronger  than  the  stock  that  is  to  be  cut. 
Shearing  usually  uses  a principle  known  as 
mechanical  advantage.  This  principle  in- 
volves the  use  of  a machine  to  transmit 
(pass  along)  the  pressure  along  the  line  of 
shear.  With  a machine,  a large  amount  of 
force  can  be  concentrated  (centered)  at  one 
spot  on  the  line  of  shear.  Thus  the  cut  is 
clean,  and  no  stock  is  lost  or  wasted. 

The  kind  of  tools  and  machines  used  for 
shearing  depends  on  the  kind  of  stock  to  be 
cut.  For  instance,  butter  can  be  sheared  with 
a table  knife.  To  shear  sheet  steel,  you 
would  need  hand  or  power  shears  with  a 
sharper  edge  and  greater  force. 

Steel,  aluminum,  and  some  other  metals 
have  a high  shearing  strength.  This  means 
that  they  are  not  easily  cut.  They  are  often 
sheared  to  the  right  size  on  power  presses, 
Fig.  64-3.  Paper,  cloth,  leather,  and  some 


Fig.  54-3.  Rolls  of  steel  which  have  been  banded 


together  in  standard  stock  lengths  are  fed 
into  this  lOO-ton  automatic  punch  press. 
This  press  shears  out  motor  parts  from  the 
standard  stock  steel. 
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plastics  are  also  sheared  on  power  presses. 
A power  press  is  usually  driven  by  mechan- 
ical or  hydraulic  power,  Fig.  54-4. 


Machine  Operators 

Semiskilled  or  skilled  workers  usually  run 
power  machines.  A semiskilled  worker  is 
one  who  runs  a shearing  machine  and  who 
from  time  to  time  measures  the  pieces  that 
are  being  sheared,  Fig.  54-5.  A skilled 
worker  is  one  who  sets  up  his  machine, 
aligns  (straightens)  the  cutters,  and  meas- 
ures, adjusts,  and  maintains  (keeps  up)  his 
machine.  Fig.  54-6. 

Besides  the  jobs  of  those  two  kinds  of 
workers,  there  are  a large  number  of  other 
shearing  jobs  for  workers  to  do.  There  are 
also  many  shearing  jobs  that  need  either  no 
worker  or  very  little  attention  from  a 
worker.  For  instance,  a shearing  device 
can  be  attached  to  an  extruder  that  will 
automatically  cut  the  extruded  pieces  to  the 
right  lengths. 


Fig.  54-5.  Here,  a slicing  process  is  done  by  a 

semi-automated  shearing  machine.  Wide 
sheet  insulation  stock  is  fed  into  the 
shearing  machine  which  slices  it  into  strips. 
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Fig.  54-4.  Channeling  is  being  sheared  to  the  right 
length  by  this  machine.  Notice  the 
hydraulic  cylinder  which  drives  the  cutting 
blade. 

" o 


Fig.  54-6.  A skilled  worker  aligns  the  dies  of  a punch 
press.  It  is  his  job  to  keep  this  press  in 
perfect  shape  for. continuous  shearing 
processes. 
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Summary 


Terms  to  Know 


Shearing  is  a process  that  cuts  and  gives 
shape  to  standard  stock  by  the  principle  of 
mechanical  advantage.  It  is  less  wasteful 
than  chip  removing. 


shearing 
chip  removing 
other  processes 
extruded 

distribution  processes 
line  of  shear 
straight-line  shear 
pressure 
mechanical 


transmit 
concentrated 
high  shearing 


strength 

semiskilled 


Many  kinds  of  standard  stock  are  sheared. 
Some  become  parts  to  be  processed  further. 
Others  become  finished  products  that  are 
ready  to  be  packaged  and  shipped  to  the 


worker 
skilled  worker 
aligns 
maintains 


advantage 


customer. 

Shearing  can  take  place  at  any  time  dur-  Think  About  It! 

ing  the  manufacture  of  a part  or  product. 

The  kind  of  shearing  tools  and  machines  to  1.  Explain  the  difference  between  the  proc- 

be  used  depends  on  the  kind  of  standard  esses  of  shearing  and  chip  removing, 

stock  that  is  to  be  cut.  Shearing  is  usually  2.  Starting  with  standard  stock  textiles, 

done  on  power  presses  by  semiskilled  or  identify  the  steps  the  cloth  must  go 

skilled  workers.  Many  shearing  jobs  take  through  to  become  the  shirt  you  have  on. 

place  in  the  manufacture  of  any  part  or  Identify  the  steps  in  which  shearing  is 


product. 
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Chip  Removing 


In  this  reading,  you  will  learn  more  about 
a second  way  to  separate  standard  stock: 
chip  removing,  Fig.  55-1.  As  you  study  this 
reading,  you  should  try  to  contrast  chip  re- 
moving with  shearing  in  order  to  understand 
better  the  differences  between  them. 


Standard  Stock 


Separation  by  Chip  Removing 

Chip  removing  takes  off  excess  (extra) 
standard  stock  in  the  form  of  chips  (small 
bits  of  the  stock).  The  cutting  tool  may 
have  one  cutting  edge  or  many  of  them.  The 
chips  are  removed  (taken  off)  by  putting 
the  pressure  (force)  of  the  cutting  tool 
against  the  surface  of  the  excess  stock. 
Sawing,  drilling,  sanding,  and  grinding  are 
common  ways  to  remove  chips  from  stand- 
ard stock.  Chips,  shavings,  sawdust,  or 
other  small  bits  are  taken  off  in  order  to 
get  the  right  shape  or  surface  finish  for  the 
piece  of  standard  stock. 

There  are  many  different  ways  to  remove 
chips.  Each  way  has  a different  name.  Have 
you  ever  heard  of  miUing,  shaping,  ream- 
ing, honing,  or  lapping?  In  principle,  each 
of  these  ways  to  remove  chips  is  the  same. 
In  each,  a strong  and  hard  cutting  edge  (or 
edges)  cuts  away  excess  standard  stock. 

Like  shearing,  chip  removing  cuts  stand- 
ard stock  down  to  the  right  shapes  and 
sizes.  It  is  an  economical  (cheap,  inexpen- 
sive) way  to  make  a small  number  of  parts 
of  products.  It  can  usually  be  done  without 
buying  or  building  costly  tools  or  dies.  Some- 
times, chip  removing  is  the  most  precise  way 
to  separate  standard  stock  known  to  manu- 
facturers. There  are  many  forms  (shapes) 
that  can  only  be  gotten  by  chip  removing. 
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Fig.  55-1.  Chip  removing,  in  the  shaded  area  above, 
is  discussed  in  this  reading. 
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Some  of  the  tools  used  to  remove  chips 
have  a single  working  edge  or  point.  Others 
have  many  working  edges. 

Single-Edge  Tools  and  Processes 

There  are  many  ways  to  remove  chips 
that  can  be  grouped  together  because  they 
use  single-edge  tools.  A single-edge  tool  is 
one  with  a single  cutting  edge  that  comes 
into  contact  with  the  stock  being  cut.  The 
tool  may  be  moved,  or  the  standard  stock 
piece  may  be  moved.  As  the  tool  or  the 
piece  of  stock  moves,  chips  or  bits  fall  away. 
The  tool  acts  as  a knife  or  a wedge  as  it 
takes  off  these  small  bits  of  excess  stock. 
Tools  of  this  kind  are  often  called  single- 
point tools,  rather  than  single-edge  tools. 

Many  kinds  of  single-edge  tools  and  ma- 
chines have  been  developed  to  remove  chips 
of  excess  standard  stock.  The  chisel,  the 
knife,  and  the  scraper  are  some  of  the  sim- 
ple hand  tools  that  can  be  used  to  remove 
chips.  The  lathe  (Fig.  55-2),  the  plane,  and 


349 

the  slotter  (Fig.  55-3)  are  some  of  the  more 
complex  (complicated)  machines  used  to 
remove  chips.  The  lathe  is  used  to  cut  round 
parts  down  to  the  right  size.  It  is  one  of  the 
most  important  single-edge  tools  used  to  re- 
move chips. 

Single-edge  tools  and  machines  are  used 
to  make  such  round  shapes  as  lamp  bases 
and  table  legs.  They  are  used  to  remove 
small  bits  of  excess  stock  from  flat  surfaces. 
They  are  also  used  to  cut  channels  (grooves) 
and  to  cut  irregular  (unusual)  shapes. 


Multiple-Edge  Tools  and  Processes 

There  are  ways  to  remove  chips  that  can 
be  grouped  together  because  they  use  a tool 
with  multiple  (many)  edges.  The  common 
saw  is  a multiple-edge  tool  that  takes  chips 
off  as  it  cuts.  As  it  cuts  through  wood,  saw- 
dust (small  bits  of  wood)  falls  away. 

There  are  times  when  you  can  use  a 
multiple-edge  tool,  rather  than  a single-edge 
tool,  to  remove  chips  from  standard  stock. 


Fig.  55-2.  The  worker  at  this  machine  is  using  a lathe 
to  cut  a round  casting  down  to  the  right 
size  by  removing  chips  from  the  workpiece. 
The  lathe  is  the  most  common  machine  that 
uses  a single-edge  cutting  tool  to  remove 
stock  from  a workpiece  in  the  form  of 
chips. 


Fig.  55-3.  A second  machine  which  uses  a single-edge 
cutting  tool  is  a vertical  cutting  slotter. 

Here  a sleeve  for  a marine  engine  is  being 
machined  to  shape.  The  material  is  being 
removed  in  the  form  of  chips. 
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With  a multiple-edge  tool  you  can  take  off 
more  excess  stock  from  a piece  of  standard 
stock  than  you  can  in  the  same  amount  of 
time  with  a single-edge  tool.  But  the  multi- 
ple-edge tool  costs  a great  deal  more  than 
a single-edge  tool  designed  to  do  the  same 
job.  Twist  drills  (Fig.  55-4),  milling  ma- 
chines (Fig.  55-5),  and  sows  (Fig.  55-6)  are 
some  of  the  common  multiple-edge  tools 
used  to  remove  chips  from  standard  stock. 


Fig.  55-4.  A twist  drill  mounted  in  the  jaws  of  a drill 
press  is  used  to  separate  metal  by 
removing  chips.  The  twist  drill  is  a multiple 
edge  cutting  tool. 


Fig.  55-5.  This  milling  machine  is  being  used  to  remove 
chips  to  form  the  workpiece  to  its  designed 
shape. 


Sometimes,  these  multiple-edge  tools  are 
called  multiple-point  tools.  When  you  look 
at  a saw,  you  first  see  the  points  of  the 
teeth.  When  you  look  more  closely,  you  see 
that  each  saw  tooth  has  a cutting  edge. 

Garnet  paper,  emery  cloth,  and  grinding 
wheels  are  called  abrasives  because  they 
scrape  excess  stock  away  by  rubbing  their 
rough  surfaces  against  the  piece  of  standard 
stock.  These  abrasives  are  multiple-point 
cutting  tools.  For  instance,  each  grain  of  ab- 
rasive on  a piece  of  abrasive  paper  has  sharp 
edges  that  can  cut  standard  stock  that  is 
softer  than  the  abrasive  paper  is. 

The  grinding  xohesl  is  a very  important 
multiple-point  cutting  tool.  It  is  set  up  in  a 
machine  with  a motor  that  drives  the  wheel 
at  high  speeds.  The  wheel  takes  off  very 
small  bits  of  stock  held  against  it.  Grinding 
is  usually  done  to  hard  stock  that  would  be 
too  tough  to  shape  by  any  other  way  of  chip 
removing.  Fig.  55-7.  A grinding  wheel  is 
hard  and  tough  so  that  it  can  cut  into  hard 
standard  stock. 

Grinding  is  not  used  on  pieces  of  soft 
standard  stock  because  it  is  too  slow  a way 
to  remove  chips.  There  are  other,  faster 
ways  to  remove  chips  from  soft  stock.  Grind- 
ing is  usually  used  when  close  tolerances 
are  needed,  as  they  are  in  grinding  piston 
rings.  See  Fig.  55-7.  It  is  also  used  when 
rough  metal  surfaces  must  be  smoothed. 
For  instance,  grinding  is  used  to  take  rust 
off  steel  plates. 

Two  other  abrasive  ways  to  remove  chips 
are  lapping  and  honing.  In  each  process,  you 
can  get  a surface  finish  as  close  as  one-half 
of  a millionth  of  an  inch. 


Chip  Salvage 

Bits  of  excess  standard  stock  in  many 
different  sizes  are  left  over  in  all  these  chip 
removing  processes.  Some  of  these  chips 
can  be  used  to  make  important  by-products. 
For  instance,  wood  chips  can  be  used  to 
make  fertilizer  or  mulch.  Some  chips  are 
salvaged  (saved)  so  that  they  can  be  used 
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over  again.  For  instance,  metal  chips  of 
steel  and  brass  are  salvaged  and  sold  as 
scrap  metal.  Later  they  are  melted  down  to 
be  used  again.  Plastic  chips  are  used  again 
or  sold  for  salvage. 

Stages  of  Chip  Removing 

Chip  removing  can  take  place  at  many 
points  in  the  manufacturing  cycle  (series  of 
production  processes).  Some  are  done  at 
plants  that  change  raw  materials  ir-'to  stand- 
ard stock.  For  instance,  logs  are  rough- 
sawed  at  the  lumber  mill  before  they  are 
shipped  to  a fabricating  plant. 

Chip  removing  also  takes  place  when 
standard  stock  is  being  made  into  parts.  In 
each  stage  chip  removing  is  done  when  the 
stock  is  needed  in  the  manufacturing  cycle. 


Skills  of  Chip  Removing 

The  skills  needed  to  do  chip  removing  jobs 
are  as  different  as  the  jobs  themselves. 


Fig.  55“6.  A heavy-dufy  production  saw  us  s a 

multiple-edge  cutting  blade  to  cut  wood 
down  to  the  right  size.  When  material  is 
separated  by  sawing,  a parting  line  is 
made  and  chips  are  removed.  In  this  case, 
the  chips  come  off  in  the  form  of  sawdust. 


Some  of  them  need  only  semiskilled  workers 
to  load  automatic  machines  and  to  follow 
simple  instructions.  Fig.  55-8.  But  many 
chip  removing  jobs  need  highly  skilled 


Fig.  55-7.  A precision  part  for  a machine  is  being 
ground  to  a very  close  tolerance  by  this 
surface  grinder.  This  part  cannot  be 
machined  in  any  other  way  because  it  has 
already  been  hardened  to  prevent  wear. 


Fig.  55-8.  An  automatic  turret  lathe  is  shown  cutting 
many  parts  to  identical  size.  The  worker 
shown  on  the  right  does  not  need  much 
skill  to  load  this  automatic  machine  and  to 
follow  simple  instructions. 
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workers  to  do  them.  The  worker  at  a lathe, 
grinder,  milling  machine,  or  shaper  needs 
special  skills.  He  must  be  able  to  set  up  his 
own  jobs,  run  the  machines,  and  check  the 
final  dimensions  (sizes)  of  the  parts  as  they 
come  from  the  machines.  Such  a orker 
needs  a lot  of  experience  and  training  to  do 
his  job  well. 

Summary 

Chip  removing  is  a process  that  removes 
excess  standard  stock  in  the  form  of  chips 
or  small  bits  of  stock.  A cutting  tool  is  used 
that  may  have  one  cutting  edge  or  many  of 
them. 

There  are  two  major  ways  to  remove 
chips  from  standard  stock.  They  are  grouped 
according  to  the  kind  of  tool  used.  They  de- 
pend on  whether  the  tool  has  one  edge 
(single-edge  tools)  or  many  (multiple-edge 
tools) . The  cutting  edge  (or  edges)  must  be 
harder  and  stronger  than  the  standard  stock 
that  is  being  cut. 


Terms  to  Know 

chip  removing 

lathe 

contrast 

plane 

excess 

slotter 

chips 

complex 

removed 

channels 

pressure 

irregular 

sawing 

multiple 

drilling 

multiple-edge  tool 

sanding 

sawdust  . 

grinding 

twist  drills 

milling 

milling  machines 

shaping 

saws 

reaming 

multiple-point  tools 

honing 

abrasives 

lapping 

grinding  wheel 

economical 

grinding 

forms 

by-products 

single-edge  tools 

salvaged 

single-point  tools 

manufacturing  cycle 

chisel 

shaper 

knife 

dimensions 

scraper 

Think  About  It! 

1.  What  tools  or  machines  do  you  have 
around  your  home  that  are  single-edge 
tools  ? multiple-edge  tools  ? . . 

2.  Why  is  it  more  economical  to  use  chip 
removing  processes  for  making  a small 
number  of  parts,  rather  than  a large 
number  of  parts? 
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Separating  by 
Other  Processes 


In  the  last  two  readings,  you  have 
learned  about  two  basic  ways  to  separate 
standard  stock.  They  are  (1)  shearing,  and 
(2)  chip  removing.  In  this  reading,  you  will 
learn  about  some  other  ways  tc  separate 
standard  stock.  Fig.  66-1.  They  are  some- 
times called  other  processes,  or  nontradi- 
tional  techniques.  The  ideas  behind  them  are 
old,  but  some  of  the  tools  and  their  uses  are 
very  new. 

There  are  four  different  ways  to  separate 
standard  stock  by  these  processes.  They  are 
(1)  thermal  erosion,  (2)  chemical  separat- 
ing, (3)  electrochemical  separating,  and 
(4)  induced-fracture  separating. 


Thermal  Erosion 

The  word  erosion  comes  from  a Latin 
word  that  means  to  gnaw  or  nibble  away. 
When  heat  energy  is  made  to  nibble  away 
a small  bit  of  standard  stock,  the  process  is 
called  thermal  erosion. 

With  a hand  lens,  you  can  make  a beam 
of  sunlight  burn  a hole  through  paper.  The 
lens  directs  the  sun’s  heat  to  one  small  spot 
on  the  paper.  The  concentrated  (centered) 
energy  of  the  beam  of  sunlight  heats  that 
spot  on  paper  until  it  smolders  and  burns 
away.  You  have  removed  material,  but  the 
tool  (the  hand  lens)  did  not  touch  the 
paper.  This  is  what  makes  the  process  non- 
traditional.  The  traditional  ways  of  shear- 
ing and  chip  removing  use  tools  that  touch 
the  piece  of  standard  stock. 

In  making  metal  products,  one  common 
kind  of  thermal  erosion  is  flame  cutting. 
Flame  cutting  stai-ts  by  heating  the  metal 
at  one  spot,  or  along  a line  where  the  metal 
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or  molding 
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Mechanical 
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Fig.  56-1.  Separating  by  other  processes,  in  the 
shaded  area  above,  is  discussed  in  this 
reading. 
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is  to  be  separated.  When  a tiny  bit  of  the 
metal  reaches  its  melting  point,  it  either 
falls  away  or  is  blown  away.  This  leaves  a 
hole  in  the  metal  and  exposes  (lays  open) 
more  metal  to  tiie  flame.  The  cutting  keeps 
on  until  the  metal  along  the  cutting  line  is 
removed.  The  flame  comes  out  of  a tool  that 
does  not  touch  the  metal.  See  Fig.  66-2. 

An  electric  spark  is  another  form  of 
energy  that  can  be  used  to  separate  stand- 
ard stock.  In  manufacturing,  the  process  is 
called  electrical  discharge  machining,  Fig. 
56-3.  This  is  often  shortened  to  E.D.M. 

For  E.D.M.  work,  the  piece  of  standard 
stock  must  be  one  that  will  conduct  (let 
through)  electric  current.  The  tool  is 
brought  very  close  to  the  piece  of  stock  be- 
ing shaped,  but  never  touches  it.  An  elec- 
tric spark  then  jumps  the  very  narrow  gap 
between  the  tool  and  the  piece  of  stock.  As 
it  enters  the  piece  of  stock,  the  spark  chips 
off  a tiny  bit  of  stock.  A dielectric  fluid 
(liquid  that  cannot  conduct  electric  cur- 
rent) washes  off  the  chips  of  excess  stock. 
A new  spark  jumps  the  gap  several  thou- 
sand times  a second.  As  these  sparks  chip 
off  tiny  bits  of  excess  stock,  they  help  to 


make  the  piece  of  standard  stock  into  the 
right  size  and  shape. 

A Uiser  beam  can  be  made  to  bore  (cut) 
a hole  through  solid  stock,  or  to  cut 
a piece  of  it  in  two.  These  are  nontradi- 
tional  bores  and  cuts,  because  the  tool  never 
touches  the  stock.  Laser  is  a shortened 
form  of  Light  Amplification  by  Stimulated 
Emission.  A laser  device  amplifies  (builds 
up)  the  strength  of  light.  It  concentrates 
a huge  amount  of  light  energy  into  one 
light  beam. 

With  lenses  and  mirrors,  the  laser  beam 
can  be  focused  (centered)  on  a small  spot 
on  a piece  of  stock.  There,  some  of  the  con- 
centrated light  energy  is  changed  into  heat 
energy.  Some  of  the  piece  of  stock  evapo- 
rates (turns  into  steam  or  vapor)  at  that 
spot.  If  the  beam  is  focused  on  a single  spot, 
it  can  bore  a hole  at  that  spot.  The  material 
around  the  rim  of  the  hole  may  melt  or  may 
change  chemically.  The  heat  energy  does  not 
spread  far  into  the  rest  of  the  material. 

If  the  laser  beam  is  moved  at  the  right 
speed,  material  along  a cutting  line  will 
evaporate  and  the  piece  of  stock  will  be  cut 
in  two.  Very  little  material  is  wasted.  Also, 


Fig.  56-2.  Boiler  plate  is  being  cut  in  a thermal  erosion  process.  The  machine  is  a flame 

cutter  (arrows  point  to  two  torches).  The  conveyor  system  holding  these  torches 


allows  it  to  cut  the  plate  very  fast. 
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the  laser  beam  does  not  wear  out  when  it  is 
used  on  very  hard  pieces  of  stock.  No  cut- 
ting edge  touches  the  stock.  These  are  all 
advantages.  But  the  one  big  disadvantage 
of  the  laser  beam  technique  is  its  high  cost. 


Fig.  56-3.  This  is  an  example  of  an  electrical 

discharge  machine.  The  worker  is  changing 
the  distance  between  the  tool  and  the 
workpiece  for  quick  and  easy  removal  of 
material. 


Fig.  56-4.  This  is  an  example  of  a printed  circuit 
board  after  etching.  The  dark  lines  are 
strips  of  copper  which  remain  on  the  front 
and  back  surfaces  of  the  plastic. 


Chemical  Separating 

A drop  of  strong  acid  on  a metal  surface 
will  etch  (eat  into)  the  surface.  Molecules 
of  the  acid  will  combine  with  molecules  of 
the  metal  in  a chemical  reaction.  The 
stronger  the  acid,  the  more  molecules  it  will 
pull  out  of  the  metal. 

It  is  easy  to  control  etching.  Many  kinds 
of  standard  stock  resist  acids  (cannot  be 
etched  by  them) . A coat  of  paint  that  resists 
acids  will  keep  a metal  from  being  etched. 
Such  a coat  of  paint  is  called  a resist.  To 
control  what  parts  of  a metal  surface  will 
be  etched,  the  whole  surface  is  first  coated 
with  a resist.  Then  the  resist  is  taken  off 
the  spots  that  are  to  be  etched. 

Etching  is  a yery  old  and  well-known 
process.  For  a long  time,  printing  plates 
have  been  made  by  etching.  Hot-rolled 
metals  are  cleaned  by  a process  called 
pickling.  This  is  a kind  of  etching.  Metal 
parts  are  put  into  a pickling  bath  to  get 
them  ready  for  electroplating  and  other 
coating  processes.  Printing  books  or  maga- 
zines from  etched  plates  is  not  new,  but 
printed  circuits  for  radio  or  television  sets 
were  developed  quite  recently.  Fig.  56-4.  The 
original  for  a printed  circuit  is  often  a very 
large  drawing.  It  is  photographed  by  tech- 
niques that  reduce  it  in  size  without  mak- 
ing it  any  less  precise.  These  new  techniques 
are  called  miniaturization. 

Electrochemical  Separating 

Suppose  a piece  of  metal  stock  is  con- 
nected to  the  positive  terminal  of  a battery 
and  a special  tool  is  connected  to  the  nega- 
tive terminal.  The  electric  current  flowing 
between  them  can  be  used  to  separate  stand- 
ard stock.  The  current  can  pull  molecules  of 
metal  away  from  the  piece  of  stock  in  a con- 
trolled way.  This  process  is  done  in  a water 
solution  that  is  alkaline  (the  opposite  of 
acid).  The  tool  is  brought  very  close  to  the 
piece  of  stock,  but  never  touches  it.  The 
water  solution  flows  through  a filter  that 
strains  out  the  metal  molecules.  Otherwise, 
they  would  build  up  on  the  tool. 
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In  manufacturing,  there  are  two  ways  to 
separate  standard  stock  like  this.  One  is 
called  electrochemical  machining  {E.C.M.), 
Figs.  66-5  and  66-6.  The  other  is  called 
electrochemical  grinding  {E.C.G.).  Each 
process  has  been  developed  recently.  They 
are  both  useful  for  work  that  is  very  hard 
to  do  any  other  way.  For  instance,  standard 
stock  that  is  fragile  (breaks  easily)  can  be 
ground  by  an  E.C.G.  process. 


Fig.  56-5.  This  machine  is  one  in  which  an 

electrochemical  separating  process  takes 
place.  The  part  (shown  in  Fig.  56-6)  has 
been  electrochemically  machined. 


Fig.  56-6.  The  motor  part  (right)  was  made  from  the 
blank  part  (left)  by  electrochemical 
machining. 


Induced-Fracture  Separating 

If  you  have  ever  split  wood  for  kindling, 
you  know  what  is  meant  by  the  term 
splitting  along  the  grain.  A straight-grained 
piece  of  white  pine  can  be  made  to  split 
along  the  grain  into  two  straight  pieces.  If 
the  grain  curves  around  a knot  in  the  wood, 
the  piece  will  split  along  the  curve.  To 
make  wooden  shingles,  the  wood  is  split 
along  its  natural  grain. 

The  American  Indians  who  made  flint 
arrowheads  used  a similar  internal  struc- 
ture that  nature  had  built  into  the  flint. 
Flint  will  split  easily  in  certain  directions. 
With  a simple  chipping  tool  and  a light 
blow  from  the  hammer,  the  Indian  could 
break  a flake  of  flint  free.  But  the  angle  of 
the  tool  and  the  direction  of  the  hammer 
blow  had  to  match  the  natural  axis  (direc- 
tion) along  which  the  flint  would  split. 

When  the  Indian  made  an  arrowhead,  he 
induced  (forced)  the  flint  to  fracture 
(break).  Fig.  56-7.  The  physical  force  he 
needed  for  an  induced  fracture  was  less 


Fig.  56-7.  Tlie  American  Indian  made  stone  tools  by 
flaking  chips  from  the  stone.  This  process 
is  called  induced-fracture  separating. 


i 

j 

1 


I 


«-j»  y)  exT\  ■•  >T»T<‘»cnft.-«»w>nB  f ■>■«  »»>  • •xwr-.’«->-  «t  l 


•>"?  <’t'VP*"s  V w.'.srrrjr?/  • - 


than  the  force  he  needed  to  shear  or  chip 
the  flint  away. 

Some  very  hard  minerals,  like  topaz, 
amethyst,  and  diamond,  are  made  into 
jewels  with  many  flat  faces  and  straight 
edges.  This  can  be  done  because  in  the  crys- 
tal structure  of  these  minerals,  there  are 
several  natural  axes  (directions)  for  split- 
ting or  flaking  the  minerals. 

In  making  metal  parts,  there  are  induced- 
fracture  processes  that  use  the  grain  of  the 
metal  to  control  the  fracture.  Figure  66-8 
shows  a connecting  rod  for  a small  gas 
engine.  In  order  to  assemble  (combine,  put 
together)  this  part  with  a crankshaft,  it 
must  be  separated  along  the  line  shown  in 
the  sketch.  The  part  is  clamped  in  a fixture. 
A sharp  blow  in  the  right  direction  breaks 
the  metal  cleanly.  After  it  has  been  assem- 
bled with  the  crankshaft,  the  two  fractured 
pieces  of  the  connecting  rod  are  bolted  to- 
gether. They  fit  perfectly  because  no  ma- 
terial was  lost  in  the  fracturing  process. 

Sometimes  the  easiest  way  to  form  several 
pieces  of  a part  is  to  cast  them  all  at  the 
same  time.  The  mold  is  shaped  so  that  it 
forms  grooves  between  each  part  of  the 
casting.  The  casting  is  then  hardened  and 
taken  out  of  the  mold.  It  breaks  easily  along 


Fig.  56-8.  In  this  front  view 'of  ti  connecting  rod,  the 
heavy  line  shows  wherkthe  rod  will  be 
fractured.  The  dotted  litjgs.show  where 
bolts  will  be  put  in  after  the  connecting  rod 
has  been  assembled  with  a crankshaft. 
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the  grooved  lines  baked  into  it.  The  next 
time  you  snap  a saltine  cracker  into  two 
squares,  notice  the  groove  line.  It  was 
formed  in  the  dough  before  it  was  baked. 

In  an  induced-fracture  process,  the  work- 
er may  use  a natural  axis  line,  along  which 
the  stock  piece  breaks  easily.  If  there  is  no 
such  axis  line,  he  may  make  an  axis  line  for 
a fracture  by  scoring  the  stock  piece 
(scratching  it  with  a hard  tool).  Glass  can 
be  scored  to  make  a fracture  line.  If  the 
scoring  is  done  well,  light  pressure  will 
break  the  glass  cleanly  along  the  scored 
line.  Fig.  56-9.  Other  kinds  of  standard  stock 
that  must  be  scored  before  they  can  be 
separated  by  induced  fracturing  include 
stone,  asphalt  floor  tile,  ceramic  tile,  and 
plasterboard. 


Processes  of  the  Future 

Man  first  separated  materials  very 
crudely.  He  used  the  strength  of  his  own 


Fig.  56-9.  Here,  the  glass  is  being  scored  to  be  later 
separated  by  induced  fracture.  A line 
across  the  glass  made  by  this  diamond- 
pointed  tool  will  allow  the  glass  to  break 
along  this  line  when  pressure  is  put  on  it. 
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muscles  to  pull,  push,  jerk,  or  pound  them. 
He  depended  entirely  on  his  own  muscle 
power  to  use  the  first  chipping  and  shear- 
ing tools.  Later,  he  invented  many  clever 
tools  to  separate  materials.  He  also  learned 
to  harness  (control  and  put  to  work)  energy. 
He  used  this  harnessed  energy  to  run  ma- 
chines that  did  his  shearing  and  chipping 
jobs. 

It  is  now  possible  to  harness  the  energy 
of  heat,  light,  sound,  electric  current,  and 
chemical  reactions.  Such  harnessed  energy 
is  used  in  manufacturing  to  separate  stand- 
ard stock  directly  and  in  controlled  ways. 
The  techniques  for  using  such  energy  be- 
come more  clever  and  more  imaginative 
every  year.  We  can  expect  to  find  new  ways 
to  separate  standard  stock  with  a laser 
beam  in  the  future.  We  can  also  expect  to 
lower  the  high  cost  of  this  technique.  We 
can  expect  to  find  new  ways  to  separate 
standard  stock.  These  new  ways  will  be 
based  on  scientific  principles  now  being 
tested  in  research  labs,  or  on  principles  that 
technologists  will  find  in  future  research. 
In  theory,  every  form  of  energy  can  be 
used  to  separate  standard  stock  in  any 
form:  solids,  liquids,  gases,  and  other  states 
of  matter  that  science  is  now  learning 
about. 

Summary 

There  are  several  ways  to  separate  stand- 
ard stock  that  are  nontraditional.  They  are 
(1)  thermal  erosion,  (2)  chemical  separat- 
ing, (3)  electrochemical  separating,  and 
(4)  induced-fracture  separating. 

Thermal  erosion  is  one  way  to  separate 
some  kinds  of  standard  stock.  There  are 
several  kinds  of  thermal  erosion  techniques. 
Flame  cutting  separates  by  direct  use  of 
heat.  Electrical  discharge  machining  is 
done  with  electric  sparks  that  heat  tiny  bits 
of  standard  stock  until  they  fall  away  as 
chips.  Laser  beams  can  be  used  to  separate 
stock.  The  laser  beam  changes  concentrated 
light  energy  into  heat.  This  heat  can  then 
be  focused  on  a single  spot  on  a piece  of 


standard  stock  in  order  to  bore  a hole 
through  it.  Or  it  can  be  focused  along  a 
cutting  line  in  order  to  cut  a piece  of  stock 
in  two. 

Another  way  to  separate  standard  stock 
uses  chemical  reactions.  Etching  is  a very 
important  way  to  separate  stock  chem- 
ically. Printing  plates  are  made  by  etching. 
Etching  is  used  to  make  printed  circuits  for 
radio  and  television  sets. 

Electrochemical  separating  is  used  to 
grind  and  machine  standard  stock  to  the 
right  size  and  shape.  E.C.M.  and  E.C.G. 
processes  take  place  in  an  alkaline  water 
solution  that  conducts  electric  current.  The 
current  pulls  molecules  of  metal  away  from 
the  stock  piece  to  help  make  it  the  right 
size  and  shape. 

In  an  induced-fracture  process,  standard 
stock  is  separated  by  forcing  it  to  break  in 
a controlled  way.  The  way  it  breaks  de- 
pends on  the  natural  grain  or  the  crystal 
structure  of  the  standard  stock  piece.  Some 
kinds  of  standard  stock  must  be  scored  be- 
fore they  can  be  fractured. 

In  the  future,  we  can  expect  improved 
techniques  and  lower  costs  for  these  im- 
provements. Thus  there  will  be  more  uses 
for  them  in  the  manufacturing  of  the  fu- 
ture. We  can  also  expect  new  techniques 
to  be  developed,  either  from  principles  now 
being  tested  or  from  ones  that  have  not  yet 
been  found. 

Terms  to  Know 

amplifies 
focused 
evaporates 
etch 
resist 
pickling 
miniaturization 
alkaline 
electrochemical 
machining 
(E.C.M.) 
electrochemical 
grinding  (E.C.G.) 


shearing 
chip  removing 
other  processes  (non- 
traditional techniques) 
thermal  erosion 
chemical  separating 
electrochemical 
separating 
induced-fracture 
separating 
erosion 
concentrated 
flame  cutting 
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exposes 

fragile 

Think  About  It! 

1 

1 

electrical  discharge 

splitting  along 

1.  How  have  advances  in  nontraditional 

i 

machining  (E.D.M.) 

the  grain 

I 

i 

conduct 

axis 

separating  processes  helped  in  miniaturi- 

dielectric fluid 

induced 

zation  ? 

laser  beam 

fracture 

2.  Explain  the  differences  between  thermal 

bore 

scoring 

erosion,  chemical  separating,  electro- 

assemble 

axes 

chemical  separating,  and  induced- 

harness 

fracture  separating. 
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Making  Assemblies 
or  Finished 
Products 


In  the  last  nine  readings,  you  have 
learned  about  ways  to  change  standard 
stock  into  components  (parts)  or  simple 
one-piece  products.  In  this  reading,  you  will 
begin  to  learn  about  some  of  the  ways  to 
assemble  (combine,  join)  parts  into  more 
complex  (complicated)  products.  Fig.  57-1. 

Parts  are  joined  to  make  subassemblies 
and  assemblies.  An  assembly  may  be  a 
simple  two-part  or  three-part  product.  It 
may  be  a more  complex  product.  You  will 
learn  a little  about  four  ways  to  join  parts. 
They  are  (1)  mixing,  (2)  coating,  (3) 
bonding,  and  (4)  mechanical  fastening. 

Subassembly  and  Assembly 

In  manufacturing,  the  term  assembly  can 
refer  to  the  process  that  joins  parts  to- 
gether. It  can  also  refer  to  the  product 
made  by  joining  these  parts.  Sometimes  the 
process  joins  only  two  parts.  Other  times, 
hundreds  and  even  thousands  of  parts  are 
joined  to  make  a complex  product  like  an 
airplane. 

Let’s  take  an  example.  Suppose  that  a key 
has  been  stamped  (sheared)  from  a sheet 
of  standard  steel  stock.  If  the  key  is  not  to 
corrode  (slowly  wear  away),  it  must  be 
plated  (coated)  with  some  metal  like  nickel 
or  chromium.  Is  the  plating  process  called 
assembly?  Not  in  a plating  shop!  But  two 
parts  (the  key  blank  and  the  plating  ma- 
terial) have  been  joined.  The  words  com- 
bine and  assemble  mean  very  much  the 
same.  Both  words  mean  to  join.  In  this  read- 
ing, assemble  will  be  used  in  a very  general 
way  to  mean  join,  or  put  together. 

Suppose  a key  blank  is  to  be  cut  and 
joined  to  an  assembled  multiple-component 


Components 


Combining 

Mixing 

Coating 

Bonding 

Mechanical 

fastening 


'ig.  57-1.  Subassemblies  and  final  assemblies,  in  the 
shaded  area  above,  are  discussed  in  this 
reading. 
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lock  (one  that  has  many  parts).  Now  you 
have  two  subassemblies:  the  key  and  the 
lock.  Together,  they  may  be  thought  of  as  an 
assembly. 

Now  suppose  that  the  lock,  with  its  key,  is 
sold  to  a cabinetmaker.  He  will  put  this  lock 
in  the  door  of  one  of  the  cabinets  he  manu- 
factures. Thus  the  final  assembled  product 
from  the  lock  plant  becomes  a subassembly 
in  the  plant  of  the  cabinetmaker. 

When  is  a set  of  combined  parts  called 
a subassembly,  and  when  is  it  called  an 
assembly?  It  all  depends  on  (1)  who  is 
working  with  it,  (2)  where  that  person  is 
in  the  manufacturing  cycle  (series  of  pro- 
duction processes),  and  (3)  how  the  com- 
bined parts  are  finally  used. 

With  a large  complex  product,  this  can 
get  very  complicated.  To  make  a car,  for  in- 
stance, an.  auto  plant  must  buy  parts  and 
assembled  products  from  nearly  800  com- 
panies. The  auto  plant  itself  must  make 
many  more  parts  and  subassemblies.  The 
total  number  of  parts,  both  those  made  in 
the  plant  and  those  bought  by  the  plant, 
runs  into  the  thousands.  These  must  first 
be  joined  into  simple  and  complex  sub- 
assemblies.  Then  all  of  these  are  assem- 


Fig.  57-2.  A small  gasoline  engine  has  several 

subassemblies.  How  many  subassemblies  are 
shown  in  this  picture? 


bled  into  the  finished  product — a car.  For 
instance,  the  engine  subassembly  can  be 
made  up  of  the  following  smaller  sub- 
assemblies:  air  cleaner,  oil  filter,  oil  pump, 
distributor,  carburetor,  and  alternator.  Fig. 
57-2. 

These  two  products,  the  car  and  the  lock 
with  its  key,  show  the  different  ways  the 
terms  assembly  and  subassembly  are  used. 
See  Figs.  57-3  and  57-4. 


Fig.  57-3.  These  women  are  part  of  an  assembly  line 
where  electrical  measuring  instruments  are 
made. 


Fig.  57-4.  This  is  a section  of  a Boeing  subassembly 
line  at  the  Northrop  Aviation  Corporation. 
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To  add  to  the  confusion,  many  people  use 
the  term  component  not  only  to  mean  a 
single  part  made  from  standard  stock,  but 
also  to  mean  the  same  thing  as  a subassem- 
bly. For  instance,  a transistor  is  really  a 
subassembly  of  several  components,  but  it  is 
often  called  a component  of  a radio. 


Fig.  57-5.  Mixing  is  a combining  process  very  common 
in  the  food  industries.  Here,  candy  is  being 
poured  from  a large  mixer  into  a hopper. 


Fig.  57-6.  A c ating  of  paint  is  often  necessary  to 

protect  the  product  from  wearing  away  or 
wearing  out. 
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Combining  Practices 

There  are  four  major  ways  to  combine 
parts.  They  are  (1)  mixing,  (2)  coating, 
(3)  bonding,  and  (4)  mechanical  fastening. 
Depending  on  the  kind  of  parts  and  the 
product  made  from  them,  any  one  (or  sev- 
eral combined)  may  be  used  in  the  manu- 
facture of  the  product. 

Mixing  combines  gases,  liquids,  and 
solids.  It  is  used  a great  deal  in  chemical, 
petroleum,  and  food  plants.  Fig.  57-5.  It  is 
used  in  many  other  manufacturing  plants  as 
well. 

Coating  covers  one  piece  of  standard  stock 
with  a coat  (layer)  of  another.  Coating  is 
usually  done  to  parts  or  products  for  three 
reasons.  The  first  is  to  improve  their  looks. 
The  second  is  to  protect  them  from  wearing 
out  or  wearing  away.  Fig.  57-6.  The  third  is 
to  keep  dirt  and  other  matter  from  getting 
inside  them  or  sticking  to  them. 

Bonding  joins  two  or  more  parts  in  more 
or  less  permanent  (long-lasting)  ways. 
Bonding  can  melt  standard  parts  until  they 
fuse  (run  together).  Welding  is  an  example. 
Figs.  57-7  and  57-8.  Bonding  can  also  use 
adhesives,  like  glue  or  bonding  cement,  to 
join  parts  together. 


Fig.  57-7.  The  parts  of  an  auger  are  being  welded 
together.  Welding  is  a bonding  process. 
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Mechanical  fastening  joins  parts  with 
such  fasteners  as  staples,  nails,  rope, 
thread,  bolts  and  nuts,  screws,  rivets,  or 
pins.  Fig.  67-9.  Fasteners  like  these  often 
allow  the  parts  or  subassemblies  to  be  taken 
apart  to  be  fixed  or  to  make  changes  in 
them. 


Fig.  57-8.  The  internal  parts  of  a muffler  are  being 

welded  to  the  outer  shell.  This  is  a bonding 
process. 


Fig.  57-9.  Mechanical  fastening  joins  parts  with  such 
fasteners  as  nuts  and  bolts. 


Summary 

Some  products  are  made  in  one  piece  from 
standard  stock.  Most  other  products,  though, 
are  made  by  combining  parts  that  may  be 
gases,  liquids,  or  solids.  This  process  of 
joining  parts  (components)  is  called  assem- 
bling. 

The  next  several  readings  will  explain  in 
detail  four  ways  to  combine  parts.  They  are 
(1)  mixing,  (2)  coating,  (3)  bonding,  and 
(4)  mechanical  fastening. 

Terms  to  Know 

components 
assemble 
complex 
subassemblies 
assemblies 
mixing 
coating 
bonding 

mechanical  fastening 
assembly 
process 
product 
stamped 

Think  About  It! 

1.  Name  some  of  the  products  around  your 
home  and  identify  which  parts  were 
assemblies  in  one  stage  of  their  manu- 
facture but  subassemblies  in  others. 

2.  What  products  can  you  name  in  your 
classroom  that  have  been  combined  by 
mixing?  by  coating?  by  bonding?  by 
mechanical  fastening  ? 


corrode 

plated 

combine 

join 

put  together 
multiple- 
component 
manufacturing 
cycle 
coat 

permanent 

fuse 

adhesives 
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Most  products  are  made  from  several 
components  (parts),  Fig.  58-1.  Whether  the 
parts  are  solid,  liquid,  or  gas,  they  must  be 
combined.  There  are  four  major  ways  to 
combine  parts.  They  are  (1)  mixing,  (2) 
coating,  (3)  bonding,  and  (4)  mechanical 
fastening.  Fig.  58-2. 

Some  products  are  simple  one-piece  prod- 
ucts like  plastic  plates,  Fig.  58-3.  Some 
products  are  simple  liquids  like  milk,  or  sim- 
ple gases  like  oxygen.  Liquids  and  gases 
must  be  put  into  containers.  Then  these 
containers  must  be  closed.  Often  no  other 
combining  process  is  needed. 


Fig.  58-1.  Hundreds  of  polyester  cords  are  combined 
with  other  materials  to  form  tire  fabric. 


Components 


Subassemblies 

and 

Final  Assemblies 


Fig.  58-2.  Combining,  in  the  shaded  area  above,  is 
discussed  in  this  reading. 
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Mixing 

Mixing  is  one  way  to  combine  components. 
Mixing  moves  particles  of  solids,  liquids,  or 
gases  around  until  each  ingredient  (ele- 
ment) has  been  spread  evenly  throughout 
the  whole  mixture. 

Mixing  is  also  called  compounding,  espe- 
cially in  the  manufacture  of  drugs.  To  a 


Fig.  58-3.  This  plastic  plate  is  an  example  of  a 

one-piece  product  that  combines  parts 
before  forming  and  separating  are  done. 


Fig.  58-4.  This  is  a mixing  process  in  which  chemicals 
are  mixed  with  wood  pulp  to  process  it 
into  paper. 


chemist,  the  word  mixture  does  not  mean 
the  same  as  the  word  compound.  To  a manu- 
facturer, both  words  mean  the  same  thing. 
They  may  refer  to  any  combination  of  gases, 
liquids,  and  solids. 

Mixing  is  done  most  often  with  such  non- 
metallic  organic  and  inorganic  components 
as  cement,  wood  pulp  (Fig.  58-4),  gasoline, 
and  bread  and  cookie  dough. 

Coating 

Coating  is  another  way  to  combine  parts. 
Many  parts  or  assemblies  get  what  is  com- 
monly called  a coat  of  paint.  Since  real  paint 
is  hardly  ever  used  in  manufacturing  today, 
the  word  paint  usually  refers  to  varnish, 
lacquer,  or  enamel.  This  group  of  paints 
should  be  called  organic  coatings,  because 
they  have  organic  chemicals  (those  that 
come  from  once-living  plants  or  animals)  in 
them. 

Ink  on  paper  is  a coating.  In  printing,  a 
coat  of  ink  is  put  over  the  surface  of  a line 
of  type.  This  is  done  so  that  the  letters  and 
other  marks  can  be  printed  on  a piece  of 
paper. 

Galvanizing  and  electroplating  are  two 
ways  to  coat  metals.  Each  process  deposits 
(lays  down)  a layer  of  one  metal  onto  the 
surface  of  another  metal.  Fig.  58-5. 


Fig.  58-5.  This  worker  is  coating  wire.  The  uncoated, 
heated  wire  is  pulled  through  a coating 
die,  and  is  coated  so  that  it  will  not  wear 
away. 
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A vitreous  coating  is  a thin  layer  of  glass. 
Vitreous  coatings  give  a very  hard,  strong, 
long-lasting  finish  to  metals.  They  are  often 
used  on  sinks,  bathtubs,  stoves,  and  refrig- 
erators. This  thin  layer  of  glass  is  also 
called  porcelain  enamel.  It  is  made  from 
inorganic  materials  (those  that  come  from 
minerals  and  other  nonliving  sources). 
When  a vitreous  coating  is  placed  on  ceramic 
dishes  and  pottery  it  is  called  a glaze. 

Coatings  are  put  on  for  many  reasons. 
They  are  put  on  to  decorate  (look  good  to 
the  eye).  They  are  put  on  to  preserve 
(reduce  wear  and  tear).  They  are  put  on  to 
make  the  product  easy  to  clean.  They  are 
put  on  to  seal  pores  (tiny  openings)  in 
standard  stock  and  get  it  ready  for  another 
coating.  They  are  put  on  to  reduce  noise  by 
cutting  down  on  vibrations  (shocks).  They 
are  put  on  to  control  light,  as  when  glass  is 
coated  with  aluminum  to  make  mirrors. 
They  are  put  on  to  control  heat.  These  are 
only  a few  of  the  many  reasons  why  coat- 
ings are  put  on  components. 


Fig.  58-6.  As  a fusion-bonding  process,  welding  is 
widely  used  in  constructing  nuclear 
submarines.  This  welder  is  welding  a 
frame  for  a submarine. 


Bonding 

There  are  two  major  ways  to  bond  parts. 
They  are : 

1.  fusion  bonding,  and 

2.  adhesive  bonding. 

Two  parts  fuse  when  their  surfaces  run  or 
mix  together.  Welding  is  a fusion  process, 
Fig.  58-6.  If  glue,  paste,  or  cement  is  used 
to  bond  two  parts,  this  is  called  adhesive 
bonding.  Usually,  bonded  parts  are  not 
meant  to  come  apart.  They  are  permanently 
joined. 

In  welding,  two  metal  parts  are  heated 
and  held  together  until  they  fuse.  The  tem- 
perature must  usually  rise  above  the  melt- 
ing points  of  both  metal  parts.  A piece  of 
wire,  made  of  the  same  metal,  is  also 
melted  to  fill  any  gaps  between  the  touching 
surfaces  of  the  two  parts.  Molecules  of 
metal  from  both  parts  and  from  the  wire 
all  run  together.  Thus  the  whole  assembly 
cools  as  one  solid  piece. 

Brazing  is  very  much  like  welding.  The 
wire  used  in  brazing,  though,  is  made  of  a 
metal  that  melts  at  a lower  temperature 
than  the  metal  parts.  When  the  wire  is 
heated,  it  melts  into  liquid  form,  but  the 


Fig.  58-7.  Two  of  the  most  common  fasteners  used  in 
mechanical  fastening  are  nuts  and  bolts. 
Here  nuts  and  bolts  are  used  to  hold  a 
tire  in  place. 


metal  parts  only  soften  a little.  Molecules 
of  metal  from  the  brazing*  wire  mix  in  with 
the  surface  molecules  of  each  metal  part. 

If  brazing  is  done  at  such  low  tempera- 
tures that  the  metal  parts  do  not  soften  at 
all,  then  the  wire  metal  does  not  mix  with 
the  parts.  In  this  case,  brazing  is  thought 
of  as  a special  kind  of  adhesive  bonding. 

Until  recent  years,  welding  and  brazing 
were  the  only  techniques  that  could  be 
counted  on  to  bond  metal  parts.  There  were 
several  kinds  of  glues  and  cements,  but 
some  of  them  did  not  stick  well  to  metal. 
Others  lost  their  strength  as  they  aged  or  as 
water  got  into  them.  Now  there  are  new 
kinds  of  adhesives,  chemically  quite  different 
from  glue,  that  can  be  used  to  bond  metal 
parts. 


Mechanical  Fastening 

Mechanical  fastening  is  probably  the 
oldest  and  most  widely  used  way  to  join 
parts.  Perhaps  it  started  when  primitive 
man  used  a jungle  vine  to  bind  a stone  and 
a stick  together  in  order  to  make  a tool. 

Modern  mechanical  fasteners  include 
thread,  twine,  wire,  rope,  screws,  rivets,  cot- 
ter pins,  keys,  spring  clips,  nails,  staples, 
tacks,  nuts  and  bolts  (Fig.  68-7),  and  many 
different  kinds  of  retainer  rings.  There  are 
so  many  kinds  of  fasteners  that  it  would  be 
impossible  to  describe  them  all  in  this  read- 
ing. In  a later  reading,  you  will  learn  more 
about  the  most  widely  used  kinds  of  me- 
chanical fasteners. 

Each  mechanical  fastener  links  together 
two  or  more  parts.  Often  the  fastener  can 
be  unfastened.  This  allows  the  parts  to  be 
taken  apart  to  be  Axed  or  to  be  changed. 
Unlike  a bonded  assembly,  these  assemblies 
are  not  permanent  (long-lasting). 

Summary 

Parts  are  joined  or  combined  to  make 
complex  products.  There  are  four  major 
ways  to  combine  parts.  They  are  (1)  mix- 
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ing,  (2)  coating,  (3)  bonding,  and  (4)  me- 
chanical fastening. 

Mixing  moves  particles  of  solids,  liquids, 
or  gases  around  until  each  ingredient  is 
spread  evenly  throughout  the  mixture. 
Coating  puts  a layer  of  one  kind  of  stand- 
ard stock  on  top  of  another  to  decorate,  pre- 
serve, or  seal  it.  Bonding  puts  something 
between  the  joined  parts  to  hold  them  to- 
gether. There  are  two  major  ways  to  bond 
parts.  They  are  (1)  fusion  bonding,  and 
(2)  adhesive  bonding.  Mechanical  fasten- 
ing links  two  or  more  parts  together.  Fas- 
teners allow  the  parts  to  be  taken  apart  to 
ffx  them  or  to  change  them. 


Terms  to  Know 

components 

mixing 

coating 

bonding 

mechanical  fastening 

combining  process 

ingredient 

compounding 

mixture 

compound 

coat  of  paint 

paint 

organic  coatings 
organic  chemicals 
galvanizing 
electroplating 


Think  About  It! 

1. -Read  the  ingredient  label  on  a food  prod- 

uct in  a liquid  form,  a solid  form,  and  a 
powdered  form,  and  list  the  ingredients 
that  were  mixed  together  to  produce  each 
product. 

2.  Look  at  a product  in  your  home,  a bed 
for  example,  and  identify  which  parts 
were  coated,  bonded,  and  mechanically 
fastened. 


deposits 
vitreous 
porcelain 
enamel 
inorganic 
materials 
glaze 
decorate 
preserve 
pores 
vibrations 
fusion  bonding 
adhesive  bonding 
fuse 
welding 
brazing 
permanent 
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Mixing  is  one  of  the  four  major  ways  to 
combine  standard  stock.  The  gases,  liquids, 
or  solids  that  go  into  a mixture  are  its  in- 
gredients. In  the  mixing  process,  the  bits  or 
particles  of  each  ingredient  are  spread 
evenly  through  the  mixture.  In  this  reading, 
you  will  learn  how  mixing  is  done  and  how 
it  is  used  in  manufacturing.  Fig.  59-1. 


Mixing  Two  Solids 

The  first  step  in  making  a cake  is  to  sift 
together  several  dry  solid  ingredients.  These 
include  fiour,  baking  powder,  and  sugar. 
Each  one  is  in  the  form  of  a powder  (fine 
grains)  before  the  mixing  starts. 

A manual  (hand)  flour  sifter  is  a simple 
tool.  It  stirs  and  shakes  powdered  dry  ingre- 
dients in  a container  and  then  lets  them  fall 
out  through  a screen.  In  the  food  industry, 
the  dry  solid  ingredients  for  cakes  are 
mixed  in  large  batches  by  automatic  power 
machines. 

Dry  ingredients  for  many  other  foods  are 
also  mixed.  A can  of  ground  coffee  may  in- 
clude coffee  beans  of  two  or  three  kinds. 
Seasoning  salt  may  have  ten  different  herbs 
and  spices  mixed  with  common  table  salt. 

The  mixing  of  dry  ingredients  is  impor- 
tant in  manufacturing  drugs.  A headache 
pill  may  have  three  or  four  ingredients.  The 
amount  of  each  one  must  be  carefully  con- 
trolled. Each  one  is  weighed  on  a very  pre- 
cise scale  before  the  mixing  starts.  The  mix- 
ing machines  are  designed  so  that  no  lumps 
or  large  grains  are  left  unmixed. 

Portland  cement  is  a mixture  of  dry  solids 
of  a very  different  kind.  Fig.  69-2.  Its  in- 
gi'edients  are  clay  and  crushed  powdered 
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Fig.  59-1.  Mixing,  in  the  shaded  areo  obove,  is 
discussed  in  this  reading. 
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limestone.  A batch  of  cement  is  quite  bulky 
and  heavy.  The  machines  that  mix  it  must 
be  very  large  and  strong. 

When  dry  solids  are  mixed,  the  mixture 
is  not  usually  any  different  from  the  ingre- 
dients that  went  into  it.  If  there  is  supposed 
to  be  a chemical  change  in  the  ingredients, 


Fig.  59-2,  Portland  cement  is  a mixture  of  dry  solids. 
Pictured  here  is  port  of  a manufacturing 
plant  where  cement  is  made. 


Fig.  59-3.  This  worker  is  mixing  the  basic  ingredients 
for  a photographic  emulsion  by  stirring. 
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they  must  be  heated,  mixed  with  a liquid,  or 
processed  in  some  other  way. 

Practices  of  Agitating  Solids 

Several  kinds  of  tools  and  machines  are 
used  to  mix  dry  solids.  Also,  the  ingredients 
usually  stay  inside  a container  during  the 
whole  mixing  process.  There  are  four  ways 
to  agitate  (mix)  dry  solids.  They  are  (1) 
stirring,  (2)  tumbling,  (3)  mulling,  and  (4) 
fluidizing. 

Stirring.  A simple  hand  tool  like  a shovel 
or  a spoon  can  be  used  to  stir  small  batches 
of  dry  ingredients.  Larger  batches  are  usu- 
ally stirred  by  power  machines.  Fig.  69-3. 

Tumbling.  A load  of  socks  in  a clothes 
dryer  gets  thoroughly  mixed  if  the  dryer 
drum  rotates  (turns)  or  rolls.  This  kind  of 
mixing  is  called  tumbling.  The  container  is 
often  shaped  like  a drum  or  a barrel.  In  is 
partly  filled  with  the  ingredients  in  the  right 
amounts,  and  then  closed.  It  is  then  rolled 
or  turned  to  mix  the  ingredients.  You  may 
have  seen  a concrete  mixer  mounted  on  a 
truck.  It  mixes  the  concrete  by  tumbling. 

There  are  many  ways  to  use  tumbling  in 
manufacturing.  Fig.  59-4.  One  of  these  is 


Fig.  59-4.  Boron  is  being  added  to  a mixture  and 
tumbled  in  a blender  to  make  sure  the 
mixture  is  homogeneous  (the  same 
throughout). 
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called  barrel  rolling.  In  another,  the  con- 
tainers have  high-speed  propellers  spinning 
inside  them  while  they  roll  or  turn.  In  still 
another,  the  containers  have  baffle  plates 
on  their  inside  walls.  Ingredients  bounce  off 
these  plates  in  many  directions  as  the  drum 
rolls  or  turns. 

Mulling.  Ingredients  in  granular  (very 
small  grains)  form  are  placed  in  a circular 
tub.  Power-driven  wheels  run  freely  over 
the  ingredients.  The  moving  wheels  produce 
a sideways  rubbing  force  that  helps  to  mix 
the  ingredients.  Fig.  59-6. 

Fluidizing.  Ingredients  in  powder  form 
can  be  mixed  by  passing  air  currents 
through  them.  Fig.  59-6.  As  the  air  flows 
through  the  containers  of  powdered  ingredi- 
ents, it  moves  them  around  and  mixes  them. 
Since  air  is  a fluid  (something  that  flows), 
this  way  of  mixing  is  called  fluidizing. 

Mixing  Two  Liquids 

Gasoline  and  most  other  petroleum  prod- 
ucts are  mixtures  of  several  liquids.  Oil  com- 
panies mix  gasoline  with  other  liquids  called 
additives  to  make  a fuel  that  works  well  in 
a car  engine.  Motor  oils  are  mixtures  of  oils 
and  liquid  detergents  (cleaners).  See  Fig. 
69-7. 


Fig.  59-5.  Mulling  is  a mixing  process.  Here;  sand  is 

being  mulled  to  condition  sand  in  a foundry. 


Liquid  mixtures  are  often  used  in  making 
chemicals  and  drugs.  Liquids  are  measured 
either  by  weight  or  by  volume  (space  taken 
up)  before  they  are  mixed.  Measuring  by 
volume  is  often  called  metering. 


Fig.  59-6.  Technicians  are  experimenting  with  a 

fluidizing  machine  for  new  reactor  concept 
studies. 


Fig.  59-7.  In  making  turpentine,  several  kinds  of 
liquids  are  mixed  in  these  tanks. 


4 


i 

I 


I- 

>. 

L' 


Some  liquids,  like  molasses,  pour  very 
slowly  at  room  temperature.  Others,  like 
water,  pour  easily.  Most  people  use  the 
words  thick  and  thin  to  talk  about  the  way 
a liquid  pours.  It  is  more  precise  to  say  that 
a slow-pouring  liquid  is  very  viscous.  You 
could  also  say  that  it  has  a high  viscosity. 
Molasses  is  very  viscous.  It  has  a high  vis- 
cosity. Water  is  not  very  viscous.  It  has  a 
low  viscosity.  It  is  not  very  easy  to  mix  two 
viscous  liquids.  It  is  not  very  easy  to  mix 
two  liquids  like  water  and  molasses,  because 
one  (water)  is  not  very  viscous  at  all,  while 
the  other  (molasses)  is  very  viscous. 

Practices  of  Agitating  Liquids 

Liquids  that  mix  easily  are  often  just 
poured  together.  The  energy  of  their  mole- 
cules does  the  mixing.  Other  liquids  must 
be  shaken  together  to  get  them  to  mix. 

Small  amounts  of  liquids  are  often  mixed 
by  hand  with  a paddle  or  a spoon.  Motor- 
driven  propellers,  paddles,  or  beaters  are 
used  for  large  batches,  Fig.  59-8.  They  are 
also  used  to  make  the  mixing  easier.  Pumps 
can  be  used  to  move  liquids  around  until 
they  are  mixed.  In  pneumatic  agitation,  air 


Fig.  59-8.  Syrup  and  whipped  egg  whites  are  being 
mixed  in  a huge  bowl  by  agitation. 
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is  bubbled  through  the  liquids  to  make  them 
mix.  Shakers  and  vibrators  are  used  to  mix 
small  amounts  of  liquids.  For  instance,  you 
make  a milkshake  in  a blender.  Ultrasonic 
vibration  (shocks  from  high-frequency 
sound  waves)  is  sometimes  used  to  mix 
liquids. 

Mixing  a Solid  and  a Liquid 

Salt,  sugar,  and  many  other  solids  will 
dissolve  (melt)  in  water  or  other  liquids. 
You  cannot  see  salt  or  sugar  after  it  dis- 
solves in  water.  But  you  can  recover  it  (get 
it  back)  if  you  make  all  the  water  evapo- 
rate (turn  into  steam  or  water  vapor) . Dis- 
solving is  a physical  change  that  is  reversi- 
ble, because  you  can  get  back  what  you 
started  with.  When  solids  dissolve  in  liquids, 
the  mixture  is  called  a solution. 

You  have  probably  seen  that  sugar  dis- 
solves faster  in  hot  tea  than  in  iced  tea.  In 
manufacturing,  when  an  ingredient  is  to  be 
dissolved  in  a liquid,  the  temperature  of  the 
solvent  (liquid)  is  carefully  controlled. 

Solids  do  not  always  dissolve  in  liquids. 
Some  can  only  be  suspended  in  the  liquid 
(held  in  small  particles  spread  evenly 
throughout  the  liquid).  Concrete  is  made  by 


Fig.  59-9.  When  a liquid  is  mixed  with  a solid,  the 
solid  does  not  always  dissolve.  In  making 
concrete,  cement  and  water  react 
chemically  to  form  a new  and  different 
product. 
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mixing  cement,  sand,  gravel,  and  water.  At 
first,  the  mixture  is  very  viscous,  with  the 
sand  and  gravel  spread  evenly  through  it. 
The  cement  and  water  react  chemically  to 
form  a new  and  different  substance.  Fig.  59- 
9.  As  the  concrete  hardens,  the  sand  and 
gravel  are  trapped  in  the  hardened  mass. 
This  process  is  not  reversible.  The  water 
and  dry  cement  cannot  be  recovered  by 
heating. 

Many  chemical  reactions  take  place  when 
solid  and  liquid  ingredients  are  mixed.  When 
bread  dough  is  kneaded  (worked  and 
pressed  into  a lump  with  the  hands),  a 
chemical  reaction  in  the  dough  lets  loose 
thousands  of  tiny  gas  bubbles.  It  is  these 
gas  bubbles  that  make  the  dough  rise.  See 
Fig.  59-10.  More  chemical  reactions  take 
place  when  the  dough  is  baked.  After  a loaf 
of  bread  is  baked,  it  is  not  just  dough  with 
a little  of  the  water  removed.  It  is  a new 
substance,  different  from  the  raw  dough 
mixture.  Its  ingredients  cannot  be  recovered 
by  just  adding  water  to  it. 

Paint  is  made  by  mixing  finely  powdered 
ingredients  with  liquid  ones.  A chemical  re- 


Fig.  59-10.  A mechanical  kneading  machine  is  pulling 
a batch  of  viscous  candy.  It  mixes  in  air 
for  sheen,  and  spreads  the  flavor  and 
color  evenly  throughout  the  mixture. 
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action  between  the  paint  mixture  and  the 
oxygen  in  the  air  is  what  makes  the  paint 
dry  into  a new  substance.  To  make  paint,  it 
takes  special  knowledge  of  chemistry  and 
special  machines  for  mixing. 

Mixing  Gases 

Gas  mixtures  are  widely  used  in  manu- 
facturing. They  also  have  many  uses  out- 
side manufacturing. 

Compressed  hydrogen  is  one  example  of 
a gas  mixture.  Because  hydrogen  is  unstable 
(can  explode),  it  is  sometimes  mixed  with 
nitrogen.  The  mixture  of  these  two  gases  is 
more  stable  and  thus  safer  to  handle. 

Usually,  gases  that  are  to  be  mixed  are 
metered  (measured  by  volume).  This  is  done 
to  make  sure  that  the  mixture  will  have  the 
right  proportions  (fractions)  of  each  gas. 


Fig.  59-11.  Here  you  can  see  the  mixing  system  inside 
a soft-drink  dispensing  machine.  The 
machine  mixes  the  fruit  or  cola  syrup, 
water,  and  carbon  dioxide  gas  needed  to 
make  one  serving  of  carbonated  fruit 
or  cola  drink. 
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Then  the  gases  are  passed  into  a container 
through  a common  mixing  valve. 

The  molecules  of  a gas  move  very  fast. 
They  move  much  faster  than  the  molecules 
of  a liquid  or  a solid.  When  two  gases  are 
to  be  mixed,  nothing  special  is  needed.  If 
they  are  put  togther  in  a closed  container, 
they  will  mix  freely  and  thoroughly. 


Mixing  a Gas  and  a Liquid 

Some  products  are  mixtures  of  gases  and 
liquids.  There  is  a mixture  of  hydrochloric 
acid,  water,  and  free  chlorine  gas  in  one  of 
the  common  laundry  bleaches.  Chlorine  gas 
is  bubbled  through  a very  dilute  (weak- 
ened) solution  of  hydrochloric  acid  until  the 
chlorine  gas  gets  to  the  right  strength. 

Some  soft  drinks  are  carbonated.  Carbon 
dioxide  gas  under  pressure  is  made  to  dis- 
solve in  the  liquid.  Fig.  69-11.  If  you  uncap 
a bottle  of  cola  or  carbonated  fruit  drink. 


Fig.  59-lZ  An  electron  microprobe  it  used  by  these 
research  technicions  for  analyzing 
chemical  compounds. 
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you  will  see  the  gas  form  into  bubbles  and 
rise  to  the  surface. 


Mixing  and  Compounding 

The  term  compound  has  different  mean- 
ings to  different  people.  To  a chemist,  mix- 
ing two  ingredients  does  not  always  produce 
a compound.  If  each  ingredient  keeps  its 
own  properties  (qualities),  the  chemist 
calls  the  product  a mixture.  On  the  other 
hand,  if  a chemical  reaction  takes  place  be- 
tween the  two  ingredients,  a new  substance 
with  new  properties  has  been  made.  The 
chemist  calls  this  new  product  a compound. 
He  may  call  the  process  compounding,  or 
forming  a compound.  See  Fig.  59-12. 

When  a druggist  mixes  two  medicines  to 
fill  a prescription,  he  often  says  that  he  is 
compounding  the  prescription.  He  says  this 
even  if  the  two  medicines  do  not  chemically 
react.  Keep  in  mind,  then,  that  the  terms 
compound  and  compounding  have  more  than 
one  meaning,  depending  upon  to  whom  you 
are  talking. 


Summary 

Mixing  is  a basic  way  of  combining.  The 
components  of  a mixture  are  called  ingredi- 
ents. In  industry,  processes  and  tools  or 
machines  have  been  developed  to  mix  gases, 
liquids,  and  solid  dry  ingredients. 

If  a chemical  reaction  takes  place  when 
ingredients  are  mixed,  then  the  mixture  will 
have  new  and  different  properties.  If  there 
is  no  chemical  reaction,  then  the  properties 
of  the  mixture  will  be  like  those  of  its 
ingredients. 

In  industry,  mixtures  are  often  called 
compounds.  But  in  chemistry,  the  terms 
compound  and  compounding  have  a more 
limited,  special  meaning.  They  refer  to  only 
those  mixtures  in  which  new  substances 
with  new  and  different  properties  have  been 
produced. 
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Terms  to  Know 


mixing 

pneumatic  agitation 

barrel  rolling 

metered 

ingredients 

ultrasonic  vibration 

granular 

proportions 

powder 

dissolve 

fluid 

dilute 

manual 

recover 

additives 

carbonated 

Portland  cement 

evaporate 

detergents 

compound 

agitate 

reversible 

volume 

properties 

stirring 

solution 

metering 

mixture 

tumbling 

solvent 

viscous 

compounding  (forming 

mulling 

suspended 

high  viscosity 

a compound ) 

fluidizing 

kneaded 

low  viscosity 

rotates 

rise 

unstable 

Think  About  It! 

1.  What  are  some  examples  of  the  mixing 
of  two  solids  and  the  mixing  of  two  liq- 
uids that  take  place  in  your  home? 

2.  What  are  some  examples  of  the  mixing 
of  a solid  with  a liquid  and  the  mixing 
of  a gas  and  a liquid  that  takes  place  in 
your  home? 
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A wide  range  of  manufactured  parte  and 
products  are  coated.  Coating  may  be  thought 
of  as  putting  a layer  of  one  kind  of  material 
on  top  of  another.  Thus  you  can  see  that 
coating  is  a way  to  combine  two  or  more 
kinds  of  components,  Fig.  60-1.  The  coating 
is  done  to  protect  (keep  from  wearing  out 
fast)  and  decorate  (make  good-looking)  the 
part  or  product  that  is  coated. 


Examples  of  Coating 

Painting  is  a common  kind  of  coating 
process.  You  may  have  heard  of  pMing.  It 
too  is  a coating  process.  It  puts  a 
ing  on  top  of  a metal  surface.  Sometunes 
metal  is  plated  on  top  of  a plastic  surface. 

This  book  was  made  by 
coating  processes.  ^ 

cover  is  due  to  a varnish  coating  ^at  was 
put  on  top  of  the  cover  stock.  Each  one  of 
the  letters  in  these  words  shows  up  on  this 
page  because  a coating  of  ink  was  git  on  top 
of  the  page  as  it  was  printed,  Fig.  60-2. 


Purposes  of  Coating 

Parts  and  products  are  coated  for  niany 
reasons.  Perhaps  the  most  obvious  one  is  to 
make  the  product  look  attractive  (pleasing) . 
Coatings  give  products  eye  appeal  (good 
looks).  The  more  eye  appeal  a product  has, 
the  more  likely  it  is  that  people  will  want 
to  buy  it  Imagine  what  a new  bicycle  or  a 
new  car  would  look  like  without  an  attrac- 

tive  coat  of  paint  Fig.  60-8. 

There  are  some  products  whose  coating 
are  more  than  just  good-looking.  The  coat- 


Subassemblies 

and 

Final  Assemblies 


Fig.  60»1.  Cooling,  in  the  shoded  oreo  obovo,  is 
discussed  in  this  reading. 
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ings  on  these  products  also  give  us  data 
(information).  You  have  already  learned 
that  printing  ink  is  a coating  for  paper.  By 
the  use  of  letters,  pictures,  and  other  sym- 
bols on  paper,  >ve  use  coatings  to  transmit 
(pass  along  to  others)  data.  Some  products 
are  painted  a special  color  so  that  anyone 
can  tell  just  by  looking  at  them  >vhat  they 
are  or  >vhat  they  are  to  be  used  for.  For 
instance,  fire  trucks  are  painted  red  and 
school  buses  are  painted  yello>v.  This  is  done 
to  identify  them  (tell  >vhat  they  are  or  >vhat 
they  are  to  be  used  for)  by  their  color  alone. 

Coating  is  also  done  to  protect  the  sur- 
face of  parts  and  products.  They  are  coated 
to  stop  rust.  Fig.  60-4.  They  are  also  coated 
to  stop  corrosion  (>vearing  a>vay  fast).  Fig. 
60-5. 

Imagine  >vhat  your  home  >vould  be  like  if 
the  furniture  and  other  >vood  products  in  it 
did  not  have  coatings  of  some  kind.  With- 
out coatings,  >vood  surfaces  >vould  get  dirty 
and  stay  dirty  because  bits  of  food,  dust. 


Fig.  60-2  The  printing  ink  used  in  printing  newspapers 
is  a form  of  coating  for  paper. 
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Fig.  60>3.  Coating  gives  a product  eye  appeal. 

Imagine  how  this  car  would  look  without  a 
coat  of  paint. 


Fig.  60-4.  While  the  conveyor  carries  these 

automobile  tailpipes  through  the  corrosion 
control  center  of  this  auto  plant,  the  pipes 
are  being  coated  with  a bonderizer  to 
keep  them  from  rusting  while  they  are  in 
storage. 


and  dirt  cculd  get  into  them.  Coatings  also 
- make  surfaces  that  can  be  wiped  clean  and 
kept  clean. 


Fig.  60-5.  Coating  is  done  to  keep  parts  from 

corroding.  The  parts  shown  here  have  been 
tested  in  a salt-spray  tank.  The  coated 
parts  are  only  slightly  corroded  after 
the  test.  The  uncoated  control  part  is 
badly  corroded. 


Fig.  60-6.  Refrigerator  shells  are  being  coated  with 
on  inorganic  nonmetottic  cooting  known  os 
porcelain  enamel. 
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Some  coatings  redt(ce  (cut  down  on)  noise. 
For  instance,  the  underside  of  the  engine 
hood  of  a car  is  often  coated  with  a sub- 
stance that  will  reduce  vibrations  (shocks). 
Vibrations  cause  noise.  • Sound  can  often  be 
controlled  by  coatings. 


Kinds  of  Coatings 

There  are  three  kinds  of  coating  stock. 
They  are  (1)  organic  coatings,  (2)  in- 
organic nonmetallic  coatings,  and  (3)  metal- 
lic coatings. 

Organic  stock  comes  from  living  plants 
and  animals,  or  from  plants  and  animals  that 
once  were  living.  For  instance,  latex,  oils, 
and  plastics  are  organic.  Varnish,  lacquer, 
and  some  enamels  are  organic.  In  manufac- 
turing plants,  varnish,  lacquer,  and  enamel 
are  often  called  paint.  They  are  usually  put 
on  as  a thin  layer  on  top  of  some  other  sur- 
face. Lacquers  are  the  most  widely  used 
coatings  for  manufactured  products. 

Inorganic  stock  has  never  been  a part  of 
any  living  plant  or  animal.  Nonmetallic 
stock  (anything  that  is  not  metal)  gives  us 
ceramic  coatings  and  vitreous  enamel  coat- 
ings (glass  or  porcelain  enamel  coatings). 
They  are  made  from  mixtures  of  clay, 
quartz,  and  other  minerals.  Ceramic  coat- 
ings can  only  be  used  on  material  that  can 
resist  (stand  up  under)  high  temperatures. 
Steel  is  a good  example.  Ceramic  coatings 
are  common  on  bathroom  fixtures,  stoves, 
sinks,  and  refrigerators.  Fig.  60-6.  They 
protect  these  products  well,  and  they  also 
make  them  attractive.  Ceramic  coatings  are 
often  brittle  (break  easily),  though,  and 
thus  tend  to  chip. 

Metallic  (metal)  stock  is  used  to  coat  and 
plate  many  products.  Zinc,  nickel,  chromium, 
and  other  metals  are  used  as  coatings.  They 
stop  rust  and  corrosion.  They  also  make  the 
products  good-looking. 

Many  coatings  are  made  by  mixing. 
Sometimes,  mixing  is  needed  to  get  the 
coating  material  ready  for  coating. 
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Coating  Processes 

There  are  two  major  ways  to  coat  one 
substance  with  another.  They  are  (1)  ap- 
plied coating,  and  (2)  conversion  coating. 
Most  coatings  are  applied.  A few  are  con- 
verted. 


Applied  Coating  Processes 

Organic  coatings  may  be  applied  (put  on 
top  in  a thin  layer)  by  brushing,  rolling, 
dipping,  or  spraying.  The  process  that  is 
used  depends  on  the  size  and  shape  of  the 
product  to  be  coated.  It  also  depends  on  how 
many  of  this  product  are  being  made. 

Brushing  and  rolling  are  usually  done  by 
hand.  Coatings  are  put  on  with  a brush  or 
a roller.  Brushing  and  rolling  are  done  for 
products  that  are  made  in  small  numbers. 
They  are  also  done  for  products  with  special 
surfaces  or  pattern  designs. 

Dipping  is  an  old  process.  It  is  still  used 
when  products  that  are  made  in  large  num- 
bers have  to  be  coated  very  fast,  Fig.  60-7. 
It  is  not  the  best  process  to  use,  though. 
The  thickness  of  the  coating  is  not  uniform 


Fig.  60-7.  Tank  dipping  is  an  old  process  used  to 

coat  rapidly  those  products  that  are  made 
in  large  quantities. 


(the  same  all  over  the  product).  The  lower 
edge  or  corner  gets  a lump  of  excess  (extra) 
coating  that  may  not  look  good.  This  extra 
coating  may  even  keep  the  part  from  being 
assembled  (put  together  with  other  parts), 
or  from  working  well  after  it  is  assembled. 
Metallic  coatings  may  be  put  on  by  dip- 
coating. Galvanized  steel  is  steel  that  has 
been  hot  dip-coated  with  zinc. 

Spraying  has  become  a common  way  to 
coat  a surface.  Fig.  60-8.  All  kinds  of  coat- 
ings can  be  put  on  by  spraying.  Some  of  the 
coating  may  be  lost  as  it  is  being  sprayed, 
because  not  all  of  the  spray  hits  and  sticks 
on  the  surface  being  coated.  In  electrostatic 
spraying,  droplets  of  the  spray  are  given  a 
positive  electric  charge.  The  part  or  product 
being  coated  is  grounded.  The  charged  coat- 
ing droplets  are  then  electrically  pulled  to 
the  product.  Thus  very  little  of  the  coating 
spray  is  lost.  The  coating  is  also  very  uni- 
form in  thickness. 

Ceramic  coatings  are  often  put  on  by 
spraying.  After  the  piece  of  standard  stock 
is  coated,  it  is  fired  (baked)  at  a very  high 
temperature.  Heat  makes  the  particles  of 
ceramic  coating  fuse  (melt  and  run  to- 


Fig.  60-8.  Spraying  has  become  a common  process 
for  applying  coatings.  Here  paint  is  being 
sprayed  on  new  car  bodies.  The  paint 
coating  protects  the  metal  and  also  makes 
the  car  attractive. 
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gather)  like  glass.  In  £act»  a porcelain 
enamel  coating  is  a layer  of  glass,  though  it 
is  not  transparent  (easily  seen  through) 
like  window  glass.  Flame  spraying  is  used 
to  coat  nose  cones  of  rockets  with  ceramic 
coatings. 

Metal  vaporizing  quickly  deposits  (lays 
down)  a very  thin  layer  of  metal  on  a sur- 
face. Glass  mirrors  are  made  by  coating 
glass  with  a layer  of  aluminum. 

Electroplating  coats  one  metal  with  an- 
other, Fig.  60-9.  Many  metal  coatings  are 
put  on  this  way.  These  include  zinc,  cop- 
per, nickel,  chromium,  cadmium,  tin,  brf.'S, 
silver,  and  gold.  Some  metals  plate  better  to 
one  metal  than  they  do  to  others.  Some 
electroplates  are  much  more  durable  (long- 
lasting)  than  others  are. 

Electroplating  takes  place  in  a tank  of 
water  in  which  a metal  salt  has  been  dts- 
solved  (melted).  The  water-and-salt  solu- 
tion is  called  an  electrolyte  because  it  lets 
electric  current  pass  through  it  Bars  of 
plating  metal  are  attached  to  the  positive 
terminal  of  a battery  and  then  placed  in  the 
solution.  The  workpiece  (part  being  plated) 


F:g.  60-9.  Elecfroplafing  coats  one  metal  with  another. 

The  metal  disks  are  in  the  process  of  being 
electroplated  in  the  tanks  below. 
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is  attached  to  the  negative  terminal  of  the 
battery  and  also  placed  in  the  solution. 
When  the  electric  current  is  turned  on,  it 
takes  molecules  of  metal  from  the  bar  into 
the  water-and-salt  solution  and  then  puts 
them  on  the  surface  of  the  metal  work- 
piece.  The  workpiece  must  stay  in  the  tank 
a certain  length  of  time  in  order  to  get  the 
right  thickness  of  plating.  It  is  then  taken 
out,  rinsed,  and  dried.  Electroplating  is 
widely  used  to  get  metallic  coatings  for 
products. 


Conversion  Coating  Processes 

In  the  coatings  you  have  read  about  so 
far,  the  workpiece  is  covered  with  a differ- 
ent substance.  There  are  a few  kinds  of  ma- 
terial that  can  be  made  to  "grow”  their  own 
coatings.  For  instance,  a piece  of  aluminum 
stock  will  make  an  aluminum  oxide  surface 
layer  from  its  own  molecules  of  aluminum. 
Since  some  of  the  substance  of  the  part  it- 
self is  converted  (changed)  into  a different 
substance,  the  process  is  called  conversion 
coating. 

Aluminum  can  be  made  to  "grow”  its  own 
coating  in  a process  called  anodizing.  The 
process  takes  place  in  an  electrolyte  tank. 
The  electrolyte  is  dilute  (thinned  down) 
sulphuric  acid.  The  voltage  (electric  pres- 
sure) used  in  anodizing  is  about  four  times 
as  great  as  that  used  for  electroplating.  A 
complex  (complicated)  aluminum  oxide  is 
thus  formed  on  the  surface  of  the  metal  it- 
self. 

After  aluminum  is  anodized,  it  is  dipped 
into  hot  water  to  seal  the  surface.  Often, 
colored  dyes  are  added  to  the  hot-water  dip. 
Aluminum  glasses  and  bowls  are  often 
colored  in  bright  shades  of  red,  blue,  and 
green  by  this  process.  Aluminum  can  also 
be  made  to  look  like  copper,  gold,  or  silver. 

Anodizing  is  quite  different  from  metal 
electroplating.  It  is  sometimes  called  re- 
verse plating.  It  is  widely  used  to  coat 
aluminum.  Another  metal,  magnesium,  is 
sometimes  anodized. 
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Summary 

A coating  is  a surface  layer  of  a sub* 
stance  that  is  different  from  the  piece  of 
stock  underneath.  Such  coatings  are  called 
applied  coatings.  A few  coatings  are  made 
by  changing  the  surface  of  the  workpiece 
itself. 

Coating  may  be  done  to  protect  a part  or 
product.  It  may  be  done  to  make  it  easier  to 
clean.  It  may  be  done  to  add  to  its  eye  appeal. 
It  may  be  done  to  pass  along  some  infer* 
mation.  It  may  be  done  to  reduce  noise  or  to 
reflect  light 


Three  kinds  of  surface  layers  are  applied 
as  coatings.  They  are  (1)  organic  coatings, 
like  enamel  and  lacquer;  (2)  inorganic  non- 
metallic  coatings,  like  porcelain  enamel;  and 
(3)  metallic  coatings,  like  zinc,  copper, 
nickel,  and  brass. 

In  an  applied  coating  process,  the  coat* 
ing  layer  sticks  to  the  part  or  product  being 
coated.  In  a conversion  coating  process,  a 
chemical  change  takes  place  on  the  surface 
of  the  coated  part  Most  coatings  are  ap* 
plied.  Only  a few  are  conversion  processes. 


Terms  to  Know 

coating 

conversion 

metallic  coatings 

electroplating 

protect 

coating 

organic 

durable 

decorates 

applied 

paint 

dissolved 

painting 

brushing 

inorganic 

electrolyte 

plating 

rolling 

nonmetallic 

workpiece 

attractive 

dipping 

ceramic 

converted 

eye  appeal 

spraying 

vitreous  enamel 

anodizing 

data 

uniform 

(porcelain  enamel) 

dilute 

transmit 

excess 

resist 

voltage 

identic 

assembled 

brittle 

complex 

corrosion 

dip-coaUng 

metallic 

reverse  plating 

reduce 

electrostatic 

mixing 

vibrations 

spraying 

applied  coating 

organic  coatings 

fired 

flame  spraying 

inorganic  nonmetallic 

fuse 

metal  vaporizing 

coatings 

transparent 

deposits 

Think  Atx>ntltl 

1.  What  other  products  can  you  name  be- 
sides fire  extinguishers  and  school  buses 
that  have  coatings  that  transmit  infor* 
motion? 

2.  Lcx)k  at  a store  display.  What  products 
have  been  coated  for  eye  appeal?  For 
protection? 
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Bonding 


Bonding  is  one  of  the  major  ways  to  as- 
semble (join)  solid  parts,  Fig.  61-1.  The 
place  where  the  two  parts  are  joined  is 
called  the  joint.  The  joint  is  always  rigid 
because  neither  part  can  turn  or  move.  Some 
bondings  join  two  parts  with  glue,  cement, 
or  some  other  adhesive.  In  other  bondings, 
the  parts  themselves  melt  or  soften  at  the 
joint.  The  melted  surface  layers  run  to- 
gether. After  they  cool,  they  are  fused 
(joined). 

In  this  reading,  you  will  learn  about  two 
major  ways  to  bond  solid  parts.  They  are 
(1)  fusion  bonding  and  (2)  adhesive  bond- 
ing. 

Fusion  Bonding 

When  two  parts  are  joined  in  a bond, 
the  surfaces  that  touch  or  meet  are  called 
the  interface  (the  “face  between”).  In  fu- 
sion bonding,  molecules  from  each  part  move 
across  the  interface  and  mix  with  molecules 
from  the  other  part.  The  parts  are  said  to 
fuse  (become  one). 

The  most  common  kinds  of  fusion  bonding 
are  welding,  high-temperature  brazing,  and 
high-temperature  soldering.  Some  plastics 
can  be  bonded  by  fusion.  Fusion  bondings 
are  meant  to  be  permanent  (long-lasting). 

During  fusion  bonding,  the  interface  sur- 
faces of  the  two  parts  must  be  held  tightly 
together.  There  must  be  no  projections 
(bumps)  to  keep  them  apart.  They  must 
also  be  very  clean. 

To  get  molecules  of  the  two  parts  to  move 
across  the  interface  and  mix  with  each 
other,  the  motion  of  these  molecules  must  be 
speeded  up.  This  can  be  done  by  heating  the 
parts  at  the  interface.  Great  amounts  of 
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Fig.  61-1.  Bonding,  in  the  shaded  area  above,  is 
discussed  in  this  reading. 
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pressure  (force)  can  also  fuse  the  parts  at 
the  interface. 

In  some  fusions,  the  metal  at  the  inter- 
face is  heated  without  any  extra  pressure 
placed  on  it.  Forcing  the  parts  to  join  with- 
out adding  heat  is  called  cold  welding.  In 
most  fusions,  though,  heat  is  combined  with 
pressure. 

When  the  metal  at  the  interface  is  fused 
by  heat,  a filler  metal  is  usually  added  to 
fill  the  joint.  See  Figs.  61-2  and  61-3.  If  this 
filler  is  a metal  that  is  very  much  like  the 
metal  in  the  parts,  the  bonding  process  is 
called  welding.  If  the  filler  is  a metal  that 
is  very  different  from  the  parts,  the  bonding 
process  is  called  high-temperature  brazing, 
Fig.  61-4.  For  instance,  a brass  wire  filler 


would  be  used  in  welding  two  brass  parts. 
The  same  kind  of  brass  wire  could  be  used 
in  brazing  two  cast-iron  parts. 

Interface  surfaces  must  be  cleaned  before 
they  are  fused.  They  may  be  cleaned  by 
washing  them  or  by  fluxing  (brushing  them 
with  a substance  like  rosin) . Fluxing  is  done 
to  remove  oxides  (impurities).  Fig.  61-6. 

There  are  many  ways  to  speed  up  the  mo- 
tion of  metal  molecules  so  that  fusion  will 
take  place.  In  welding,  heat  is  used.  The 
heat  energy  can  come  from  an  oxyacetylene 
torch.  It  can  come  from  an  electric  arc,  Fig. 
61-6.  It  can  come  from  electrical  resistance 
(heat  built  up  when  a substance  resists  the 
passing  of  a steady  electric  current  through 
it).  Figs.  61-7  and  61-8.  It  can  come  from 
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Ftg.  61 -Z  Shown  here  ore  six  kinds  of  fee  joinfs  used 
in  bonding  processes. 
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Lap  Joints 


Spot,  Seam,  or 
Projection 


Adhesive 


Fig.  61-3.  Shown  here  ore  four  kinds  of  lop  joinfs 
used  in  bonding  processes. 


Fig.  61-4.  Brazing  is  one  of  fhe  most  common  ways  of 
fusion  bonding.  This  worker  is  brazing  a 
fuel  assembly  of  an  irradiofion  experiment. 
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ultrasonic  vibratioyi  (heat  built  up  from 
shocks  made  by  very  high-pitched  sounds). 

There  are  extreme  temperature  changes 
produced  during  welding.  These  can  cause 


Fig.  61-5.  Interface  surfaces  may  be  cleaned  by 

fluxing.  Fluxing  is  done  to  remove  oxides. 


Fig.  61-6.  These  welders  ore  using  the  electric  arc 
welding  process. 


stresses  (forces)  to  develop  inside  the 
welded  assembly.  The  joint  itself  may  be 
very  strong,  but  a narrow  band  on  either 
side  of  the  weld  is  weakened  because  of 


Fig.  61-7.  Resistance  welding  is  another  way  of 

fusion  bonding.  It  is  being  used  to  weld  the 
metal  components  you  see  on  the  rack  to 
the  right. 


Fig.  61-8.  Parts  of  this  outomobile  body  are  being 
fused  by  resistance  welding. 
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these  stresses,  Fig.  61-9.  If  the  assembly  is 
put  inside  a heat-treating  furnace,  the 
stresses  can  be  removed.  The  assembly  then 
has  the  same  strength  throughout  If  it  is 
done  well,  fusion  bonding  makes  a neat- 
looking assembly. 


Adhesive  Bonding 

In  adhesive  bonding,  the  adhesive  (glue, 
cement  or  paste)  is  applied  (put  on)  in  a 
thin  layer  at  the  interface  of  the  parts  being 
joined.  The  molecules  of  the  adhesive  stick 
or  cling  to  each  surface. 

Some  adhesives  set  up  (harden)  to  form 
a long-lasting  rigid  bond.  Some  adhesives 
stay  tacky  (sticky)  after  they  are  put  on.  A 
wood  chair  leg  glued  to  the  frame  of  the 
chair  is  an  example  of  a hard  long-lasting 
bond.  See  Fig.  61-10.  A piece  of  adhesive 
tape  on  your  arm  is  an  example  of  an  ad- 
hesive that  stays  tacky. 

Some  adhesives  are  put  on  at  the  factory 
but  not  used  right  away.  Examples  are 
iron-on  patches  for  clothes,  adhesive  tapes 
for  sealing  boxes,  gums  for  sealing  enve- 
lopes, and  ready-pasted  wallpaper.  See  Fig. 
61-11. 


Fig.  61-9.  This  sketch  shows  the  welded  joint  (A),  the 
narrow  tend  of  s ress  (B)  produced  by  the 
welding  process,  and  the  rest  of  the  fused 
assembly  (C)  not  affected  by  the  welding 
process. 


Other  adhesives  must  be  made  and  ap- 
plied just  before  the  product  is  used.  These 
are  used  to  repair  furniture,  to  lay  resilient 
(springing  back  to  shape)  flooring,  to  attach 


Fig.  61-10.  This  worker  is  coating  ceramic  cup  parts 
with  "slip”  (liquid  cloy).  The  clay  is  an 
adhesive  bonding. 


Fig.  61-11.  This  continuous  strip  of  asphalt  roofing 
material  has  been  looped  over  hangers 
and  hung  to  dry.  This  type  of  roofing 
material  is  made  by  putting  asphalt  into 
strips  of  organic  felt  and  then  coating 
them  with  a surface  grit. 


ply\vood  wall  panels,  and  to  hang  chalk- 
boards. 

Many  of  the  adhesives  called  pastes  are 
made  from  starch.  Perhaps  you  have  cooked 
a flour-and-water  mixture  to  make  paste  to 
hang  wallpaper  or  do  papier-mache  work. 

Many  of  the  adhesives  called  glues  are 
made  from  animal  protein.  Man  has  kno\vn 
how  to  make  bone  glue  and  fish  glue  for  a 
long  time. 

In  the  past  few  years,  new  glues  or  cc- 
ments  have  been  found.  There  are  several 
plastic  resins  that  have  been  found  to  be 
very  adhesive.  Manufacturing  now  uses 
them  in  a great  many  ways. 

There  are  thermoplastic  resins  that  soften 
when  they  are  heated  and  harden  when 
they  are  cooled.  They  may  be  used  for  tem- 
porary assemblies,  since  they  lose  their 
stren^h  when  the  temperature  gets  much 
above  120°F. 

There  are  thermosetting  plastics  that 
harden  when  heat  and  pressure  are  applied. 
When  they  are  heated  again,  they  do  not 
soften.  Thus  bondings  with  these  adhesives 
are  permanent 

Adhesives  are  used  in  such  widely  differ- 
ent industries  as  airplane  assembling  and 
bookbinding.  Look  at  a ping-pong  paddle,  a 
shoe,  or  a boat  Can  you  see  where  parts 
have  been  bonded  with  adhesives? 

In  a process  called  laminating,  pieces  of 
sheet  stock  can  be  bonded  in  layers.  This  is 
done  to  make  them  stronger  and  longer- 
lasting.  Plywood  is  a laminated  product.  It 
is  built  up  from  layers  of  wood,  with  the 
grains  in  touching  layers  running  in  opposite 
directions.  A bonding  adhesive  is  placed  be- 
tween the  layers.  Then  the  plywood  “sand- 
wich” is  processed  by  special  machines  to 
make  the  bond  last  longer. 

Fabrics  can  also  be  laminated.  Laminated 
clothing  and  furniture  fabrics  may  have  an 
outer  layer  that  is  chosen  for  its  beauty 
bonded  to  an  inner  layer  that  is  chosen  for 
its  strength  or  warmth. 

A very  hard  durable  plastic  can  be  bonded 
to  plywood  or  to  other  sheet  stock.  This  is 
done  to  form  finish  stock  for  counter  tops. 
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The  plastic  surface  layer  can  be  made  in 
many  different  colors  and  patterns.  In  the 
same  way,  wall  paneling  and  resilient  floor- 
ing can  be  made  with  surfaces  that  are  long- 
lasting,  attractive,  and  very  easy  to  clean. 
Fig.  61-12. 

Bonding  adhesives  and  techniques  are  al- 
ways being  improved.  Their  uses  in  industry 
will  grow  in  future  years. 


Soldering  and  Brazing 

Metal  adhesives  are  a special  kind  of  ad- 
hesive. There  are  low-temperatvre  soldering 
and  brazing  metals.  These  metals  melt  dur- 
ing bonding,  but  the  parts  they  are  joining 
do  not  melt  at  the  interface. 

Low-temperature  soldering  and  brazing 
depend  on  the  fact  that  certain  metals  have 
an  affinity  (a  kind  of  attraction)  for  each 
other.  For  instance,  when  tin-lead  solder  is 
melted  over  fluxed  (clean)  copper,  the 
solder  forms  a very  tight  coating  on  the 


Fig.  61 -IZ  Veneer  used  in  making  plywood  is  being 
fed  into  the  glue-spreader.  After  the  glue 
is  spread  on  one  surface  of  the  veneer, 
another  piece  of  veneer  is  placed  on  it. 
Then  the  two  pieces  ore  pressed  together. 
Many  layers  of  veneer  con  be  put 
together  in  this  way. 
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copper,  Fijf.  61-13.  We  say  that  it  "wets”  the 
surface,  even  though  there  is  no  water  and 
no  mixing  of  the  molecules  of  either  metal 
part 


Advantages  of  Adhesive  Bonding 

It  often  costs  less  to  make  a joined  assem- 
bly from  parts  that  have  standard  shapes 
than  it  costs  to  cast  and  machine  one  com- 
plex (complicated)  assembly.  Such  assem- 
blies as  structural  steel  frames  for  buildings 
and  bridges,  or  the  frames  of  large  machine 
tools,  can  be  permanently  bonded  on  the 
site  (location)  where  they  will  be  used. 

There  are  adhesives  for  bonding  almost 
any  material  to  another.  With  the  right 
choice  of  adhesive,  bonding  can  be  made  to 
last  for  a short  time  or  for  a long  time.  Most 
adhesive  bondings  are  meant  to  last  for  a 
long  time. 

Summary 

Bonding  joins  solid  parts  into  a rigid  as- 
sembly. There  are  two  basic  ways  of  bond- 
ing. They  are  (1)  fusion  bonding,  and  (2) 
adhesive  bonding. 


Fig.  61-13.  A special  form  of  adhesive  bonding  is 
soldering.  Here  a pipe  joint  is  being 
soldered. 


In  fusion  bonding,  molecules  at  the  inter- 
face of  the  parts  run  together  (fuse) . The 
two  most  common  ways  of  fusion  bonding 
are  welding  and  brazing. 

Adhesive  bonding  does  not  fuse  the  mole- 
cules of  the  joined  parts.  Instead,  the  mole- 
cules of  the  adhesive  stick  or  cling  to  both 
parts.  Pastes,  glues,  and  cements  are  com- 
mon adhesives.  Some  adhesives  harden. 
Others  stay  tacky.  Low-temperature  solder- 
ing and  brazing  use  metal  adhesives. 

Industry  uses  all  these  adhesives  and 
some  other  newly-found  ones.  These  include 
several  plastic  resin  adhesives  that  are  very 
strong  and  last  a very  long  time. 
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Think  About  It! 

1.  In  your  home,  what  kinds  of  products  can 
you  find  that  were  fusion  bonded  in  as- 
sembling them  at  the  factory? 

2.  In  your  home,  what  kinds  of  products  can 
you  find  that  were  adhesive  bonded  be- 
fore you  got  them?  After  you  got  them? 


f ■ 


Mechanical 

Fastening 


Mechanical  fastening  is  quite  different 
from  the  other  ways  to  combine  parts  you 
have  learned  about  Before  you  started  to 
read  this  book,  you  probably  already  knew 
more  about  this  way  to  combine  parts  than 
you  did  about  the  others. 

Mechanical  fasteners  were  used  long  be- 
fore men  began  to  write  down  what  they 
were  doing  and  thinking.  Tying,  lacing, 
sewing,  pinning,  and  nailing  are  all  very 
old  ways  of  mechanical  fastening.  Modem 
fasteners  include  threaded  bolts  and  nuts, 
zippers,  snap  hooks,  swivels,  and  door 
hinges.  In  this  reading,  you  will  learn  about 
some  of  the  ways  in  which  they  work  and 
some  of  their  uses.  Fig.  62-1. 


Fastening  with  Nails  and  Staples 

Nails  and  staples  are  very  common  in 
assembling  (combining)  wooden  parts. 
They  are  used  a great  deal  in  cabinet- 
making and  in  constructing  wood-frame 
housing.  Fig.  62-2. 

Nails  and  staples  come  in  many  different 
styles  and  sizes.  Tacks,  brads,  and  spikes 
are  names  of  nails  that  come  in  special  sizes 
and  shapes.  Fig.  62-3.  Some  nails  are  ser- 
rated (grooved).  Some  are  coated  so  that 
they  won’t  work  loose  from  the  wood. 

When  a nail  is  driven  into  a piece  of 
wood,  some  of  the  wood  fibers  are  pushed 
aside.  The  wood  around  the  nail  is  com- 
pressed (squeezed  together) . As  long  as  the 
wood  does  not  shrink  or  crack,  it  will  keep 
on  pushing  against  the  nail  and  holding  it 
in  place.  Nailed  assemblies  are  held  together 
by  the  strength  of  this  resistance  (pushing 
back).  This  kind  of  resistance  is  called 
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Fig.  62-1.  Mechanical  fastening,  in  the  shaded  area 
above,  is  discussed  in  this  reading. 
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friction.  Other  assemblies  that  are  com- 
bined with  mechanical  fasteners  are  also 
held  together  by  this  kind  of  friction. 

Staples  are  used  to  fasten  papers,  car- 
tons, magazines,  cloth,  and  baskets.  Fig. 
62-4.  There  is  not  enough  friction  to  hold 


straight  staples  in  flexible  (easily  bent) 
materials  like  paper.  Therefore  the  ends  of 
staples  driven  into  paper  clinch  over  (bend 
over) . 


Fastening  with  Threaded  Devices 


Fig.  62‘Z  Mony  noils  ore  used  in  constructing  wood- 
frome  housing. 
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Many  products  are  made  of  parts  that  are 
held  together  by  threaded  fasteners.  Bolts 
and  screws  are  the  most  common  of  these. 

Threaded  fasteners  have  screw  threads. 
Fig.  62-5.  External  screw  threads  are  ridges 
wrapped  around  the  central  core  (body)  of 
the  fastener.  Internal  screw  threads  are 
made  inside  a hole  in  a part  or  in  a nut 

Bolts  have  external  threads,  and  nuts 
have  internal  threads.  Most  bolts  must 
have  nuts  to  fasten  parts  of  a product  to- 
gether. Screws  that  are  used  in  soft  stock 
like  wood,  or  in  thin  material  like  sheet 
metal,  cut  their  own  internal  threads.  They 
do  not  need  threaded  nuts  to  lock  (hold) 
parts  together. 

There  are  other  assemblies  that  are  held 
together  by  threaded  fasteners.  For  in- 
stance, many  kinds  of  pipe  and  fittings  are 
threaded.  A common  light  bulb  is  held  in  its 
socket  by  threads. 


Fig  62-3.  Here  are  shown  some  of  the  many  different 
kinds  of  nails  and  staples. 


Fig.  62-4.  Staples  were  used  to  assemble  the  parts  of 
these  baskets. 
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The  resistance  of  friction  is  what  holds 
most  threaded  assemblies  together.  Tho 
holding  power  of  a threaded  fastener  refers 
to  the  number  of  threads  per  inch.  In  gen- 
eral, the  greater  the  number  of  threads  iier 
inch,  the  greater  the  holding  power  will  be. 


Devices  for  Lacing,  Sewing, 
and  Strapping 

Lacing  is  a very  old  way  to  tie  things  to- 
gether. Primitive  man  used  leather  strips 
very  much  like  modern  shoe  laces.  The  large 
holes  in  his  leather  clothing  were  not  made 
by  machines,  of  course,  but  lacing  and  ty- 
ing things  worked  for  him  just  as  they  do 
for  you. 

Setcing  is  a lot  like  lacing.  After  sewing, 
though,  the  cloth  or  leather  parts  usually 
have  a great  many  small  holes,  instead  of  a 
few  large  ones.  Instead  of  a short  strip  of 
leather,  the  lacing  is  usually  a long  piece  of 
thread.  Thread  is  much  finer  and  thinner 
than  the  primitive  man’s  lacing. 


Fig.  62-5.  This  clamping  device  uses  many  different 
screw  threads  to  hold  the  clamp  and  the 
workpiece  in  place. 


Modern  sewing  is  different  from  lacing 
in  one  other  way.  The  thread  is  sewn  into 
the  parts  by  machines.  Fig.  62-6,  since 
clothes  are  now  mass-produced  (made  in 
very  large  numbers  of  the  same  product  or 
part) . 

Thread  is  used  to  assemble  the  parts  that 
make  our  clothes,  tents,  sails,  furniture 
covers,  bedding,  and  leather  goods.  Twine 
(heavy  cord)  is  used  when  the  fastener 
must  have  more  strength  to  hold  the  parts 
together  than  thread  has.  Twine  is  often 
used  to  close  the  sacks  of  such  products  as 
flour,  sugar,  grass  seed,  and  lawn  fertilizer. 

Flat  metal  strapping  is  used  to  fasten 
together  the  parts  of  wooden  crates  and 
boxes.  Wire  and  straps  are  widely  used  in 
assembling  bed  springs  and  mattresses. 

Besides  thread,  lacings,  and  straps,  there 
are  several  other  kinds  of  mechanical  fas- 
teners : rope,  wire,  cable,  and  chains. 

Devices  That  Allow  Movement  of  Parts 

Some  parts  must  be  assembled  so  that  one 
is  free  to  move  while  the  other  is  not.  A door 
must  iwing  open.  Wheels  must  turn.  In  a 
car  engine,  pistons  must  move  back  and 
forth  in  cylinders.  During  the  past  century, 


Fig.  62-6.  This  worker  is  sewing  together  sections  of 
a Persian  lamb  coat  on  a machine. 
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a great  many  different  devices  have  been 
used  in  assemblies  with  movable  joints. 
Many  have  pins  that  pass  through  the  parts 
in  such  a way  that  only  one  of  the  parts  can 
move.  A common  door  hinge  works  this  way. 
The  hinge  plate  on  the  door  jamb  does  not 
move.  The  hinge  plate  on  the  door,  though, 
does  move.  The  hinge  pin  should  “float” 
freely,  but  it  really  sticks  to  one  of  the 
plates  in  most  assemblies.  If  it  stuck  to 
both  plates,  the  door  could  not  swing  open. 


Fastening  with  Other  Devices 

Cotter  pins,  retainer  rings,  and  clips  are 
used  in  assemblies  that  have  to  be  taken 
apart  later  on  for  repairs  or  changes.  Fig. 
62-7.  Dowel  pins,  shear  pins,  keys,  and 
splines  are  fasteners  that  hold  parts  to- 
gether rigidly  (so  that  none  of  them  can 
move  or  turn).  Rivets  are  widely-used  fas- 
teners. A rivet  is  a pin  or  bolt  with  a head 
at  one  end,  and  a way  of  spreading  the 
other  end  after  the  rivet  has  been  put  into 
place.  Riveted  joints  must  last  as  long  as 
the  parts  they  hold  together. 


Fig.  62-7.  A fire  weight  is  being  clipped  fo  fhe  rim 
of  fhe  fire. 


Fastening  by  Interference  Fits 

Two  parts  can  be  designed  to  fit  in  such 
a way  that  friction  is  the  only  thing  that 
holds  them  together.  Therefore  no  separate 
fasteners  are  needed.  This  is  called  fasten- 
ing by  interference  fit.  The  tightness  of  the 
fit  is  fixed  by  the  design  engineer,  since  he 
sets  up  the  dimensions  (sizes)  of  the  match- 
ing surfaces  of  the  parts  to  be  fastened. 
Such  fits  can  be  very  loose  or  very  tight, 
depending  on  how  the  assembly  is  to  be 
used. 


Summary 

Many  different  mechanical  fasteners  are 
used  to  assemble  parts.  Fig.  62-8.  Most 
assemblies  that  are  mechanically  fastened 
are  ones  that  can  be  taken  apart  later  on 
for  repairs  or  changes.  Only  a few  of  them 
last  as  long  as  the  parts  they  hold  together. 


Fig.  62-8.  Many  of  fhe  porfs  of  fhis  press  ore 

assembled  wifh  mechanical  fasfeners.  How 
many  examples  can  you  find  in  fhe  picfure? 


Mechanical  fasteners  include  nails  and 
staples;  threaded  fasteners  like  bolts  and 
screws;  thread,  wire,  and  strap;  cotter  pins, 
keys  and  splines,  and  rivets.  Each  one  is 
used  in  a different  way  to  fasten  different 
kinds  of  parts  into  assemblies.  Many  of 
them  allow  one  part  to  move  while  the  other 
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stays  rigid.  The  common  door  hinge  is  an 
example. 

Mechanical  fastening  can  also  take  place 
through  interference  fit.  The  parts  are  de- 
signed and  made  so  that  they  fit  together 
by  friction  alone. 


Terms  to  Know 
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Think  About  It  I 

1.  Look  at  a toaster,  mixer,  blender,  or  some 
other  small  appliance.  Can  you  identify 
(name)  the  kinds  of  fasteners  that  are 
used  in  one  of  the  products? 

2.  Identify  three  products  in  your  home 
that  have  been  fastened  by : 

a.  nails  and  staples 

b.  threaded  devices 

c.  lacing 
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So  far  in  these  readings,  you  have  learned 
that  materials  are  formed  and  separated  to 
t make  coTnpon&nts  (parts)  or  simple  one- 

piece  products.  You  have  also  learned  that 
some  parts  are  combined  with  other  parts 
into  subassemblies  (smaller  units  that  are 
combined  into  larger  units)  or  into  finished 

L products. 

Id,  these  readings,  you  have  learned  how 
i parts  are  joined  or  combined  into  assem- 

blies. They  are  joined  by  (1)  mixing,  (2) 
coating,  (3)  bonding,  and  (4)  mechanical 
: fastening.  In  this  reading,  you  will  learn 

i how  all  of  these  are  used  to  form  subas- 

j semblies  or  to  combine  subassemblies  into 

i more  complex  (complicated)  finished  prod- 

ucts, Fig.  63-1. 

[ 

1* 

\ The  Assembly  Process 

1 Assembly  (combining  parts)  is  a very  im- 

1 portant  phase  of  manufacturing.  The  assem- 

; bly  process  brings  together  all  of  the  parts 

[ and  subassemblies  for  each  product.  These 

1 parts  and  subassemblies  must  be  combined 

so  the  product  will  operate  or  function  ac- 
cording to  specifications. 

Quality  control  (those  actions  needed  to 
make  sure  the  product  meets  the  specifica- 
tions) of  subassemblies  and  assemblies  is 
even  more  important  than  it  is  for  their 
I parts.  A part  that  is  scrapped  because  of  a 

defect  (poorly  made)  costs  a great  deal  in 
time  and  money  to  replace  or  to  make  over 
again.  But  the  money  and  time  lost  when  a 
whole  assembly  must  be  torn  down  to  re- 
place a defective  (poorly  made)  part  are 
even  greater.  For  instance,  in  the  auto  in-  Fig.  63-1.  Subassemblies  and  final  assemblies,  in  the 
dustry,  it  is  not  too  unusual  for  a plant  to  shaded  area  above,  are  discussed  in  this 

lose  $30  to  $60  of  labor  time  just  to  replace  reading. 
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a defective  component  (part)  or  subassem- 
bly that  costs  only  15  to  30  cents. 

Assembly  may  be  thought  of  in  two  dif- 
ferent ways: 

1.  Assembly  may  be  thought  of  as  those 
combining  processes,  especially  bond- 
ing and  mechanical  fastening,  that  are 
used  to  put  parts  together  into  subas- 
semblies or  final  assemblies.  Fig.  63-2. 

2.  Assembly  may  be  thought  of  as  a ma- 
terials-handling  system  in  which  all 
parts  of  a product  must  flow  together 
at  the  right  time  and  at  the  right 
place.  Fig.  63-3. 

The  physical  plant  must  be  set  up  in  the 
right  way.  The  right  number  of  parts  and 
subassemblies  must  always  get  to  the  right 
places  at  the  right  times.  The  right  kind  of 
materials-handling  machines  and  tools  must 
be  there  when  they  are  needed.  Of  course, 
the  system  is  not  complete  without  the  right 
number  and  the  right  kind  of  assembly 
workers  and  tools. 

There  are  two  major  ways  to  set  up  the 
assembly  of  parts  and  subassemblies.  They 
are  (1)  batch  (or  lot)  assembly,  and  (2) 
continuous  assembly.  The  term  “parts”  re- 


fers to  liquid,  gas,  or  solid  parts  that  will  be 
combined  with  other  parts  to  make  subas- 
semblies. 

Batch  or  Lot  Assembly 

Sometimes  a product  is  assembled  in 
batches  or  lots  of  small  quantity.  This  may 
be  the  cheapest  way  to  do  it  for  many  rea- 
sons. Assemblies  that  have  major  parts 
coming  from  a single  treatment,  mix,  or 
shipment  may  have  to  have  special  assem- 
bling, quality  control,  and  tests  of  how  well 
they  meet  the  specifications.  If  the  product 
has  several  slightly  different  models  or  for- 
mulas, it  may  be  cheaper  to  make  the  prod- 
uct in  batches.  This  way,  the  right  quantity 
of  each  product  can  be  kept  on  hand  to  fill 
orders  from  customers.  Batch  (or  lot)  as- 
sembly is  most  often  used  if  only  a small 
number  of  the  product  will  be  sold.  It  is  also 


Fig.  63-2.  This  worker  is  assembling  an  electronic 
unit  for  use  in  a telephone  system.  She  is 
working  from  a detailed  checklist  made  up 
by  a manufacturing  engineer. 


Fig.  63-3.  These  assembly-line  workers  ore  port  of  a 
system  in  which  all  parts  of  a product 
must  flow  together  at  the  right  time  and  at 
the  right  place. 
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used  when  the  demand  for  the  product  is 
seasonal  (sold  only  at  certain  times  of  the 
year).  Batch  (or  lot)  assembly  usually  cuts 
down  production  volume  (number  of  prod- 
ucts made)  and  raises  the  cost  of  assembling. 

Continuous  Assembly 

Continuous  assembly  is  best  when  the 
same  product  is  being  made  all  the  time. 
For  instance,  aspirin  tablets  and  white  paint 
are  best  produced  this  way.  The  continuous 
assembly  line  can  make  a large  number  of 
products.  But  tooling  costs  are  high.  Thus 
in  order  to  set  up  such  an  assembly  line, 
there  must  be  a large  and  steady  demand 
for  the  product. 

The  assembly  line  is  like  a river,  Fig.  63- 
4.  To  keep  this  river  flowing,  there  must  al- 
ways be  plenty  of  parts,  subassemblies,  and 
standard  fasteners  at  the  points  on  the  line 
where  they  will  be  needed.  Men  and  ma- 
chines must  work  together  to  position  (put 
in  place)  and  fasten  (join)  or  mix  (blend) 
these  parts  and  subassemblies.  The  final 
assembled  products  then  flow  out  to  the  sea 
of  customers  through  a system  of  product 
distribution  (ways  of  getting  the  product  to 
the  customer  when  he  wants  or  needs  it) . 


Fig.  63-4.  This  continuous  assembly  line  in  a modern 
shoe  factory  shows  the  shoes  moving 
through  the  lasting  room  where  they  are 
shaped  to  fit  people's  feet. 


The  Assembly-Line  Worker 

The  assembler  (assembly-line  worker) 
can  be  unskilled,  or  he  can  be  very  highly 
skilled.  How  skilled  the  worker  must  be 
depends  on  what  kind  of  assembly  work  he 
must  do.  For  instance,  the  worker  who  is 
putting  nuts  on  a threaded  rod  does  not 
need  as  much  precision  and  control  as  one 
who  is  mixing  drugs  that  are  to  be  made 
into  medicines.  Workers  who  assemble  suits 
of  clothes,  wrist  watches,  transistor  radios, 
furniture,  diesel  engines,  cars,  machine 
tools,  gages,  and  dies  need  many  different 
skills  to  do  their  jobs  well. 

The  need  for  assemblers  and  their  skills 
depends  on  the  kind  of  product  being  made, 
its  design,  its  quality,  and  its  production 
volume.  Where  the  assembly  is  done  by 
hand,  highly  skilled  workers  are  needed. 
Fig.  63-5.  On  the  other  hand,  automatic  as- 
sembly machines  are  now  being  used  for 
many  high-volume  products  (those  made  in 
very  large  numbers) . Thus  the  only  kind  of 
worker  needed  is  one  to  supervise  (watch 
over  and  check  on)  the  machines. 

For  mechanical  assembly  (done  by  ma- 
chines), the  skills  needed  depend  on  how 
well  the  parts  must  fit  into  the  assembly. 
In  custom-fit  assembly,  each  part  is  finished 
to  the  right  size  and  shape  by  hand.  In  this 
way,  it  will  always  fit  its  matching  part.  Fig. 
63-6.  Here  again,  highly  skilled  workers  are 
needed. 

Assemblies  with  complete  workpiece  iur 
ter  changeability  are  those  where  any  pair 
of  matching  parts  will  fit  and  make  the  prod- 
uct work.  Here  the  assembler  needs  much 
less  skill. 

In  selective-fit  assembly,  matching  sizes 
of  parts  are  made  larger  than  they  often 
need  to  be  in  order  to  fit  together.  It  is 
cheaper  to  make  them  this  way.  For  in- 
stance, two  parts  that  will  fit  together  can 
be  assembled,  but  neither  of  those  two  parts 
will  fit  with  a third  part.  Thus  the  parts 
must  be  measured  and  matched  to  get  the 
fit  that  will  work.  Here  the  assembler  needs 
more  skill  than  one  who  is  working  on  in- 
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Fig.  63-5.  These  highly  skilled  workers  are  assembling 
transistors. 


Fig.  63-6.  An  alarm  circuit  is  wired  by  hand  into  each 
of  these  frames  in  a custom-fit  assembly  of 
central  office  switching  equipment. 


terchangeable  assemblies,  but  not  as  much 
skill  as  one  who  is  doing  custom  fitting. 

In  the  assembly  of  most  high-volume 
pi'oducts,  each  assembler  usually  does  a 
simple  job  over  and  over  again.  Very  little 
skill  is  needed  for  jobs  like  these  (except 
for  custom-fit  assembly) . As  the  assembler 
does  his  job  over  and  over,  he  gets  very 
good  at  positioning  and  fastening  the  parts 
and  assemblies.  Some  workers  get  dissatis- 
fied because  there  is  no  challenge  in  such  a 
job. 

When  liquids  and  gases  are  assembled,  the 
worker  is  usually  operating  a control  panel 
of  switches  and  valves.  The  control  panel 
operates  the  machines  that  proportion,  mix, 
and  transport  the  liquids  and  gases. 

In  some  industries  like  electronics,  there 
are  many  assembly  jobs  that  need  a steady 
hand  but  not  much  physical  strength. 
Women  can  often  do  some  of  these  jobs  bet- 
ter than  men  can.  Fig.  63-7. 


Fig.  63-7.  Assembly-line  workers  are  shown  here  in 
an  electronics  assembly  area. 
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Summary 

Mixing,  coating,  bonding,  and  mechanical 
fastening  are  used  a great  deal  to  make  sub- 
assemblies  into  more  complex  products. 
Bonding  and  mechanical  fastening  are  used 
very  often. 

Assembly  can  be  done  by  the  lot  or  batch, 
or  it  can  be  continuous.  Lot  or  batch  assem- 
bly makes  fewer  products  at  higher  costs 
per  unit.  Continuous  (line)  assembly  makes 
more  products  at  lower  costs  per  unit. 

The  assembly-line  worker  must  position 
and  fasten  parts  and  subassemblies.  In  some 
jobs  he  must  be  highly  skilled.  In  others, 
he  can  be  less  skilled.  In  some  jobs,  the 
worker  has  to  do  the  same  thing  over  and 
over  again.  Some  people  like  to  do  this  kind 
of  work,  while  others  do  not. 


Terms  to  Know 

components 

production  volume 

subassemblies 

continuous  assembly 

combining 

line 

mixing 

position 

coating 

fasten 

bonding 

mix 

mechanical  fastening 

product  distribution 

complex 

assembler 

assembly 

high-voljume  products 

quality  control 

supervise 

defect 

mechanical  assembly 

defective 

custom-fit  assembly 

batch  (lot)  assembly 

complete  workpiece 

continuous  assembly 

interchangeability 

seasonal 

selective-fit 

assembly 

Think  About  It! 

1.  Can  you  identify  products  in  your  home 
or  school  that  were  made  by 

a.  batch  (lot)  assembly? 

b.  continuous  assembly? 

2.  Why  do  you  suppose  that  women  can  do 
some  assembly  jobs  better  than  men  can? 


Combining  Subassemblies 
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There  are  five  stages  in  production  tech- 
nology. They  are  (1)  preparing  raw  ma- 
terials, (2)  making  standard  stock,  (3) 
making  components,  (4)  combining  com- 
ponents, and  (6)  preparing  for  distribution. 
In  your  readings  so  far,  you  have  learned 
about  the  first  four  of  these.  In  this  reading, 
you  will  learn  about  the  fifth  one:  how  to 
get  products  ready  for  distribution  (ways 
to  get  them  to  customers). 

From  Raw  Materials  to  Product 

We  get  raw  materials  in  a number  of 
ways  from  the  natural  world  around  us. 
They  are  then  prepared  (gotten  ready)  and 
processed  (changed)  into  standard  stock. 
Components  (parts)  and  one-piece  products 
are  then  made  from  standard  stock  in  two 
ways.  These  are  (1)  forming  and  (2) 
separating.  After  they  have  been  formed 
and  separated,  parts  are  then  assembled 
(combined  with  other  parts)  into  subassem- 
blies (small  units  to  be  made  into  larger 
units)  or  finished  products. 

A finished  product  is  then  prepared  for 
distribution.  This  is  done  by  packaging  it 
(putting  it  in  some  kind  of  container).  The 
packaged  product;  then  goes  to  distributors 
(those  who  ship  it).  From  there  it  goes  to 
wholesalers  (those  who  buy  it  in  large  quan- 
tities to  sell  to  retailers) . From  there  it  goes 
to  retailers  (those  who  sell  it  in  smaller 
quantities  to  the  public).  At  last,  the  prod- 
uct gets  to  the  consumers  (those  who  buy 
it  for  their  personal  use). 

For  instance,  tires  may  be  sold  to  a car 
manufacturer,  a tire  distributor,  a service 
station,  a department  store,  a car  accessories 
shop,  or  a car  repair  shop.  All  these  tires 


Preparing 
for  Distribution 

will  finally  get  to  the  consumer,  the  “man 
on  the  street”  who  buys  the  tires  for  his  car. 


Preparing  to  Distribute  Products 

Before  products  are  ready  to  be  shipped, 
they  must  be  protected,  labeled,  and  stored. 
Products  must  be  protected  so  that  they  are 
“new”  when  they  get  to  the  customer.  Pack- 
ages, crates,  cartons,  packing,  waterproof- 
ing, and  insulation  are  all  used  to  protect 
products  from  damage.  Fig.  64-1.  Products 
can  be  damaged  by  rough  handling,  by  mois- 
ture, or  by  bad  weather.  Fig.  64-2. 


Fig,  64-1.  This  metalworking  lathe  is  almost  ready  for 
shipping.  The  crate  will  protect  the  lathe 
from  damage  and  make  it  easier  to  handle. 


^ ' 
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Products  must  be  labeled  so  that  they  can 
be  identified  (recognized)  by  those  who  buy 


Fig.  64-2.  Some  products  are  put  in  cartons  to 

protect  them  while  they  are  being  shipped. 
Otherwise,  they  might  be  damaged  by 
rough  handling,  moisture,  or  bad  weather. 


Fig.  64-3.  This  package  is  labeled  so  that  the  customer 
can  read  it  easily.  Inside  this  box  are  parts 
for  four  different  products. 


them,  Fig.  64-3.  Think  what  it  would  be  like 
if  several  different  products  were  packed  in 
unlabeled  cans  of  the  same  size  and  shape. 
You  could  not  tell  them  apart.  Labels  and 
other  kinds  of  markings  on  products  must  be 
read  by  the  shipper,  the  wholesaler,  the 
retailer,  and  the  customer. 

Products  must  often  be  stored  until  it  is 
time  to  ship  them.  They  are  usually  put 
together  in  lots  that  are  easy  to  handle. 
Fig.  64-4.  For  instance,  you  buy  a tube  of 
toothpaste  in  a small  box.  It  is  much  cheap- 
er, though,  to  handle  and  store  these  small 
boxes  of  toothpaste  if  they  have  been 
packed  in  cartons  that  hold  dozens  of  them. 

The  labels,  cans,  boxes,  paper,  and  other 
materials  used  to  pack  parts  and  products 
are  themselves  products.  For  instance,  a 
food-processing  plant  may  buy  glass  jars 
from  a bottle-making  plant,  cartons  from  a 
paper-products  plant,  and  labels  from  a 
printing  shop. 

Handling  Materials 

To  get  parts  and  products  ready  to  .ship, 
they  must  be  handled  and  moved,  either  by 


Fig.  64-4.  Some  cartons  are  used  to  place  products 
into  convenient  lots.  This  carton  can  hold 
six  16-ounce  soft  drink  bottles. 
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men  or  by  machines.  It  has  become  such  a 
complex  (complicated)  job  to  handle  and 
move  parts  and  products  that  special  tech- 
niques have  been  devised  to  do  the  work. 

Very  large  numbers  of  products  now  come 
oif  assembly  lines  in  automated  plants.  It  is 
a big  job  just  to  move  them  so  that  others 


Fig.  64-5.  American-made  products  are  being  unloaded 


at  a foreign  seaport  on  movable  wood 
platforms  called  skids.  A skid  can  handle 
and  move  36  boxes  at  once. 


Fig.  64-6.  The  tires  on  the  forklift  truck  on  the  right 
have  been  wrapped,  labeled,  and  put  onto 
pallets  where  they  can  be  moved  easily. 

The  tires  in  the  background  have  also  been 
labeled  and  put  onto  pallets,  but  they  have 
been  stored  until  it  is  time  to  ship  them.  ^ 


can  come  off  the  lines.  Production  planning 
and  control  men  must  make  plans  to  route, 
handle,  stack,  sort,  store,  and  count  these 
products.  There  are  conveyor  belts,  fork-lift 
machines,  and  pallets  (movable  wooden 
platforms)  to  move  large  and  small  prod- 
ucts, both  before  and  after  packing.  Fig. 
64-5.  The  production  planner  must  know 
how  to  use  these  moving  tools  and  machines 
so  that  products  can  be  packed,  labeled, 
stored,  and  loaded  for  shipment  as  quickly 
and  as  cheaply  as  possible.  Fig.  64-6. 

To  get  a product  ready  to  ship,  it  must  be 
packaged.  Most  products  must  be  placed  in 
cans,  bags,  sacks,  boxes,  or  similar  con- 
tainers, Fig.  64-7.  Some  products  are  crated. 
Fig.  64-1.  Heavy  products  are  often  fastened 
to  pallets  or  skids  (large  movable  wooden 
platforms).  Figs.  64-1  and  64-5.  Special 
packing  is  often  used  inside  the  containers. 
All  containers  must  be  labeled  so  that  any- 
one who  handles  them  will  know  what  prod- 
uct is  inside  them. 

After  parts  and  products  have  been 
packed  and  labeled,  most  plants  move  them 
to  a loarehouse  (place  where  products  are 


Fig.  647.  Portland  cement  comes  off  the  end  of  the 
assembly  line  in  self-sealing,  90*pound 
sacks.  The  sacks  are  labeled  and  ready  to 
be  shipped. 
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stored  until  it  is  time  to  ship  them).  From 
the  warehouse,  products  are  loaded  onto 
trucks  or  railroad  cars,  and  then  shipped. 
You  can  see  that  a plant  cannot  be  run  well 
without  good  techniques  for  handling  ma- 
terials. 


Packages  and  Packaging 

Products  are  usually  put  inside  a pack- 
age. The  package  is  often  as  important  as 
the  product  it  contains. 

The  package  itself  is  a product.  It  has 
been  designed  and  manufactured.  Its  pro- 
duction must  be  planned  and  controlled. 
Raw  materials  or  standard  stock  to  make  it 
must  be  moved  in.  During  its  production, 
there  must  be  quality  control  (those  ac- 
tions needed  to  make  sure  that  the  package 
meets  specifications).  After  production,  the 
package  must  be  shipped  to  waiting  cus- 
tomers. These  customers  are  often  other 
manufacturers  who  then  fill  the  package 
with  another  product. 


Some  kinds  of  bottles,  cans,  and  boxes 
can  be  made  in  standard  sizes  and  shapes 
since  they  are  always  needed.  Other  con- 
tainers must  be  made  for  a certain  product. 
For  instance,  the  manufacturer  of  a liquid 
detergent  (soap)  to  be  used  to  wash  dishes 
may  want  the  product  packaged  in  a plastic 
bottle  that  has  a special  shape.  It  may  take 
as  much  special  knowledge  and  skill  to  de- 
sign this  bottle  as  it  takes  to  design  a sauce- 
pan or  a TV  cabinet. 

Containers  are  made  from  many  different 
materials  in  many  sizes  and  shapes.  There 
are  metal  cans,  foil  wrappers,  cardboard 
boxes,  wooden  crates,  bags  made  of  plastic 
film,  glass  bottles  and  jars,  woven  bags  and 
sacks,  and  many  other  materials  and  shapes. 
Figs.  64-8  and  64-9. 

There  are  many  plants  that  manufacture 
standard  stock  used  to  packag(j  products. 
For  instance,  corrugated  cardboard  (a 
standard  stock)  is  made  from  trees  (a  raw 
material)  by  many  refining  and  converting 
plants.  This  standard  stock  would  then  be 
sold  to  a manufacturer  of  cartons.  In  his 
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Fig.  64-8.  Packages  come  in  all  sizes,  shapes,  and 
materials.  The  kind  of  package  often 
depends  on  the  form  of  the  product. 


Fig.  64*9.  Cardboard  boxes  come  in  many  sizes  and 
shapes.  This  box  not  only  holds  the 
products  but  also  serves  as  the  display 
unit. 
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plant,  shearing  and  grooving  would  take 
place.  Printing  might  also  be  done  to  put 
the  brand  name  of  the  customer  on  1 le  car- 
tons. Next,  large  quantities  of  cutout  car- 
tons might  be  shipped  to  a food  processor. 
At  his  plant,  each  carton  would  be  folded 
and  the  bottom  flaps  bonded,  probably  with 
staples.  Then  each  carton  would  be  filled 
with  cans  of  food,  and  the  top  flaps  sealed 
shut. 

In  a large  plant,  all  these  packing  jobs 
might  be  done  by  machines.  In  small  plants, 
men  might  do  these  jobs  by  hand. 

There  are  many  plants  that  manufacture 
standard  stock  and  process  raw  materials 
into  all  kinds  of  containers.  Besides  these, 
there  is  another  group  of  plants  that  make 
machines  that  fill  and  seal  packages.  Fig. 
64-7. 


Summary 

Preparing  products  and  parts  to  be  dis- 
tributed is  the  last  of  the  five  stages  of  pro- 
duction technology.  It  includes  moving, 
packing,  protecting,  and  storing  the  prod- 
ucts. It  starts  at  the  end  of  the  assembly 
lin(5.  It  ends  when  the  products  are  shipped 
to  customers. 

Before  a product  is  ready  to  be  shipped, 
it  must  be  packaged  to  protect  it,  to  label  it, 
and  to  store  it.  The  product  must  also  be 
moved  and  handled  after  it  has  been  pack- 
aged. Special  techniques  to  handle  materials 
have  now  been  devised  so  that  products  can 
be  prepared  for  shipment  as  quickly  and 
cheaply  as  possible. 


The  package  itself  is  a product.  Like  the 
product  it  contains,  it  must  be  planned, 
produced  from  standard  stock,  labeled, 
stored,  and  shipped  to  customers. 

Terms  to  Know 

distribution 
processed 
components 
forming 
separating 
assembled 
subassemblies 
prepared 
packaging 
distributors 
wholesalers 
retailers 
consumers 


Think  About  It ! 

1.  Look  in  the  kitchen  at  home  and  choose 
what  in  your  opinion  is  the  product  with 
the  most  attractive  package. 

a.  Why  is  this  package  more  attractive 
than  other  packages  in  the  kitchen? 

b.  Briefly  describe  the  making  of  this 
package  from  the  raw  material  to  the 
finished  product. 

2.  You  use  many  products  during  a single 
day.  Of  the  products  you  used  today, 
which  went  through  the  most  complex 
distribution  stage  of  manufacturing? 
Briefly  describe  the  distribution  steps  of 
this  product. 


protected 

labeled 

stored 

identified 

complex 

pallets 

skids 

warehouse 
quality  control 
detergent 
corrugated 
cardboard 
package 
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Rough  handling 
Moisture 
Bad  weather 


Manufacturer 
Name  of  product 
Quantity 
Directions 
Description 
Other  special 
information 


Handling 

Sorting  and  counting 
Using  space 
Displaying 
Using  product 


Shipper 

Wholesaler 

Retailer 

Consumer 
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After  the  customer  gets  a product,  serv- 
ice on  it  is  often  needed.  Servicing  is  done 
(1)  to  install  a product,  (2)  to  maintain  it, 
(3)  to  repair  it,  or  (4)  to  alter  it  to  fit  some 
special  need.  In  this  reading,  you  will  learn 
about  some  of  these  kinds  of  services. 
Servicing  is  sometimes  called  postprocessing. 


Durable  and  Nondurable  Products 

There  are  two  major  kinds  of  manufac- 
tured products.  They  are  (1)  durable  and 
(2)  nondurable.  Nondurable  products  are 
those  that  do  not  last  three  years.  Durable 
ones  are  those  that  last  three  years  or  more. 
Food  and  clothing  are  nondurable  products. 
So  are  light  bulbs,  pencils,  and  floor  wax. 
Farm  trucks,  stoves,  and  pianos  are  durable 
products.  They  will  last  three  years  or 
longer.  It  is  the  durable  products  that  need 
the  most  service.  Nondurable  products  may 
need  service,  but  not  as  often  or  as  much  as 
durable  ones  do. 

Installing  the  Product 

Most  services  make  the  product  last 
longer  and  increase  its  value.  Installing  must 
be  done,  though,  before,  the  customer  can 
begin  to  use  his  new  product.  Many  new 
products  must  be  set  in  place  and  fixed  there 
permanently  (so  they  can’t  be  moved).  Fig. 
66-1.  Some  must  be  attached  to  a utility 
system:  for  example,  plumbing  or  wiring. 
The  service  of  putting  products  in  place  so 
they  can  be  used  is  called  installing.  For 
instance,  some  telephone  company  workers 
install  phones  in  people’s  homes.  Others  in- 
stall switchboards  in  offices.  Fig.  66-2.  If 


Servicing 

Manufactured 

Products 

you  add  seat  covers  to  your  car,  you  are  in- 
stalling one  product  (the  seat  covers)  inside 
another  (the  car). 


Maintaining  the  Product 

To  maintain  something  means  to  keep  it 
in  good  shape  or  in  good  working  order  so 
that  it  can  be  used.  Maintenance  services 
are  those  that  keep  a product  useful.  Lubri- 
cating and  tuning  up  a car  are  maintenance 
services.  Fig.  66-3.  So  are  washing  and  wax- 
ing it.  In  fact,  most  washing  jobs  are  a way 
of  keeping  a product  useful.  Shirts,  kitchen 
floors,  and  coffee  cups  must  all  be  main- 
tained by  washing  them. 


Fig.  65-1.  Some  manufactured  products  are  Vf.ry 

large.  The  manufacturer  has  installed  this 
transformer  and  is  now  filling  it  with  oil. 
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Some  maintenance  jobs  are  done  by  the 
consumers  (those  who  use  the  product). 
Other  maintenance  jobs  are  done  by  special- 
service  firms.  Commercial  laundries  and  dry 
cleaners  are  good  examples. 


Fig.  65-2.  Service  is  done  by  many  people.  These 
fwo  men  are  fesHng  electronic  telephone 
switching  equipment  after  it  has  been 
installed. 


Fig.  65-3.  Your  family  car  needs  maintenance  to 
make  sure  it  runs  well  and  to  cut  down 
wear  on  its  parts. 


To  repair  a product,  you  would  fix  it, 
mend  it,  or  replace  worn  out  or  defective 
(poorly  made)  parts  in  it.  Fig.  66-4.  For  in- 
stance, a defective  master  brake  cylinder  in 
a car  would  be  repaired  by  putting  in  a 
whole  new  unit.  This  was  not  true  ten  years 
ago.  At  that  time  the  car  owner  might  have 
bought  just  a new  plunger  to  replace  the 
one  in  the  brake  cylinder  that  was  worn  out. 
In  the  last  ten  years,  the  cost  of  making 
most  subassemblies  (small  units  that  com- 
bine into  larger  units)  has  been  reduced 
(cut  down).  Thus  it  is  now  cheaper  to  re- 
place the  whole  unit,  rather  than  take  it 
apart  to  replace  a single  part. 

There  are  three  major  steps  you  should 
take  to  repair  a product.  First,  you  must 
find  out  what  is  wrong  with  it.  This  is  called 
diagnosis.  Second,  you  must  make  the  re- 
pairs you  find  are  needed.  Third,  after  you 
have  repaired  the  product,  you  must  test  it 
to  make  sure  it  is  working  as  it  should. 

Some  repairs  are  done  in  the  same  way  as 
the  product  is  made.  For  instance,  if  a di- 
nette chair  is  missing  a leg  cap,  it  can  be 
repaired  by  just  replacing  the  cap.  A base- 
ball with  broken  stitches  can  be  repaired  by 
just  restitching  the  seam.  Thus  the  basic 
process  used  by  the  manufacturer  is  done 
over  again,  but  at  a different  time  and  place. 


Fig.  65-4.  This  huge  seagoing  freighter  is  in  dry-dock 
for  repairs. 
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Other  repairs  are  not  done  in  the  same 
way  as  the  product  is  made.  For  instance, 
putting  a patch  on  an  inner  tube  is  not  like 
making  the  tube  at  all.  It  is  the  maker  of 
the  tire  repair  kit,  not  the  maker  of  the  in- 
ner tube,  who  has  developed  the  knowledge 
of  how  to  put  the  patch  on  the  tube. 


Altering 

When  you  alter  a product,  you  change  it 
so  that  it  does  not  look  or  work  exactly  as  it 
did  when  it  was  first  made.  Fig.  65-5.  For 
instance,  if  a longer  cord  is  put  on  your 
home  phone,  it  has  been  altered.  If  your 
mother  lengthens  or  shortens  the  sleeves  on 
your  jacket,  she  has  altered  them.  If  your 
car  is  customized  by  changing  its  body  shape 


Fig.  65-5.  This  portable  power  tool  is  being  used  to 
buff  the  surface  of  an  auto  body  that  was 
recently  repaired.  ^ 


or  by  boring  out  the  engine,  it  has  been 
altered. 

Service  Workers 

Service  is  done  by  many  people.  Fig.  66-2. 
A manufacturer  may  install  a large  machine 
in  the  plant  of  another  manufacturer.  Fig. 
65-1.  This  machine  may  be  maintained  and 
repaired  by  the  new  owner,  by  the  firm  that 
made  it,  or  by  another  firm  that  specializes 
in  this  kind  of  service.  The  machine  may 
later  be  altered  by  the  original  maker  or  by 
the  new  owner. 

Products  like  cars  that  need  special  tools 
and  skills  are  often  serviced  by  men  or  firms 
that  specialize  in  automotive  care.  Some- 
times, a car  can  be  serviced  by  the  owner 
himself.  Such  an  “extra”  as  an  air  condi- 
tioner may  be  installed  in  a car  by  an  auto 
dealer,  by  an  auto  air-conditioning  firm,  or 
by  the  owner  as  a “do-it-yourself”  job.  If 
the  car  is  to  be  customized,  it  is  often  done 
by  someone  who  does  this  special  service. 

In  the  near  future,  the  need  for  service 
workers  will  continue  to  grow.  For  those 
workers  who  service  manufactured  products, 
such  a need  will  last  for  some  time  yet.  Most 
manufacturers  would  like  to  cut  down  the 
amount  of  product  service,  though.  They 
want  to  improve  their  products  so  that  they 
won’t  need  much  service  after  the  customer 
buys  them.  Today  some  products  have  plug- 
in units  that  can  be  replaced  by  the  customer 
himself.  You  can  see  that  if  products  are 
improved  in  this  way,  product  service  as  we 
know  it  today  will  be  quite  different  in  the 
future. 


Summary 

Servicing  (postprocessing)  is  done  on 
manufactured  products  to  make  them  last 
longer  and  to  increase  their  value.  Products 
are  serviced  by  people  who  install,  maintain, 
repair,  and  alter  them.  Products  may  be 
serviced  by  the  manufacturer,  by  special- 
service  firms,  or  by  the  customer  himself. 
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Terms  to  Know 

servicing 

install 

maintain 

repair 

alter 

postprocessing 
durable  products 
nondurable  products 


permanent 

maintenance  services 

consumers 

defective 

subassemblies 

reduced 

diagnosis 

customized 


Think  About  It! 


1.  Visit  a neighborhood  hardware  store  and 
identify : 

a.  five  products  that  need  servicing  be- 
fore they  can  be  used ; and 

b.  five  products  that  need  no  servicing 
before  they  can  be  used. 

2.  Look  at  the  advertisements  in  a magazine 
or  newspaper  and  list: 

a.  five  durable  products;  and 

b.  five  nondurable  products. 


Installing 

Maintaining 

Repairing 

Altering 
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story 
of  Printed 
Products 


You  are  quite  familiar  with  printed  prod- 
ucts. You  have  seen  and  used  books,  news- 
papers, magazines,  posters,  catalogues, 
packages,  and  brochures.  You  have  also 
seen  decals,  lettering  on  bottles  and  cans, 
playing  cards,  maps,  woodgrain  for  panel- 
ing and  furniture,  wallpaper,  paper  money, 
business  forms,  and  calendars.  These  too 
are  printed  products.  In  this  reading,  you 
will  learn  something  about  the  products  of 
printing,  the  techniques  used  in  printing, 
the  people  who  work  in  the  printing  and 
publishing  industry,  and  the  industry  itself. 


Printed  Products  and  the  Economy 

In  the  United  States,  over  one  billion 
books  and  25  billion  newspapers  are  printed 
each  year.  More  than  one  million  people 
work  in  the  printing  and  publishing  indus- 
try. The  volume  (number  of  products 
made)  and  the  dollar  value  of  printed  prod- 
ucts keep  growing  each  year.  Employment 
also  keeps  growing.  Nearly  one-third  of  the 
people  in  the  industry  work  as  production 
people.  The  other  two-thirds  work  in  jobs 
that  support  (help)  production.  The  print- 
ing and  publishing  industry  ranks  very  high 
among  industries  in  the  dollar  amount  of 
products  sold.  It  ranks  high  also  in  the  dollar 
amount  of  payroll  it  pays  out. 


a new  box  for  your  favorite  soap,  a more 
up-to-date  road  map,  or  a new  advertising 
poster. 

There  are  five  major  kinds  of  printed 
products.  They  are  (1)  newspapers,  (2) 
magazines,  (3)  books,  (4)  commercial 
printing,  and  (5)  convei'ted  products.  News- 
papers are  very  familiar  to  you.  Magazines 
are  published  (printed)  at  speciuc  times, 
like  once  every  week  or  once  every  month. 
As  a student,  you  are  quite  familiar  with 
hooks.  Commercial  printing  includes  nearly 
all  of  the  products  that  are  not  one  of  the 
first  three  kinds.  For  instance,  there  are  ad- 
vertising posters,  wrapping  paper,  business 
forms,  tickets,  calendars,  decals,  legal  forms, 
greeting  cards,  and  playing  cards.  Convert- 
ed products  include  packages  and  special 
finishes  on  paper. 


Kinds  of  Printing  Processes 

There  are  four  basic  kinds  of  printing 
processes.  They  are  (1)  relief  printing,  (2) 
planographic  printing,  (3)  intaglio  print- 
ing, and  (4)  screen  stencil  printing.  Some 
of  these  print  only  one  kind  of  product. 
Others  can  be  used  to  print  many  different 
sizes  and  shapes  on  many  different  kinds  of 
materials. 


Kinds  of  Printed  Products  Relief  Printing 

All  printed  products  start  with  an  idea.  Relief  printing  is  done  by  placing  ink  on 
There  may  be  a need  for  a new  history  book,  a raised  surface  and  then  pressing  the  inked 
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surface  against  paper,  Fig.  66-1.  The  ink 
comes  off  on  the  paper  in  the  shape  of  the 
raised  image.  An  example  of  relief  printing 
is  a finger  print.  If  an  inked  finger  is 
pressed  against  a piece  of  paper,  only  the 
high  spots  put  ink  on  the  paper.  The  low 
spots  of  the  finger  do  not  touch  the  paper 
and  will  not  print.  Some  products  made  by 
relief  printing  are  newspapers,  packaging 
materials,  advertising  pamphlets,  and  cata- 
logues. Some  relief  printing  processes  are 
letterpress  printing,  flexographic  printing, 
and  letterset  printing.  The  machines  used 
in  relief  printing  range  from  small  platen 
presses  that  print  letterheads  to  huge  cyl- 
inder presses  that  print  newspapers  by  the 
millions. 


Planographic  Printing 

In  planographic  printing,  both  the  image 
to  be  printed  and  the  surface  in  which  the 
image  is  cut  are  on  the  same  plnne  (flat 
surface).  The  most  common  planographic 
printing  process  is  lithographic  printing. 
Lithography  comes  from  a Greek  word  that 


Fig.  66-1.  These  raised  type  letters  can  be  used  for 

relief  printing.  When  they  are  inked  and  then 
pressed  against  paper,  they  will  print  lACP. 


means  writing  on  stone.  Early  lithographic 
printing  took  place  in  just  that  way.  With 
a greasy  crayon,  drawings  were  made  on  a 
flat  absorbent  stone  (one  that  soaks  up 
li(luids) . The  water  ran  off  the  greasy  draw- 
ings but  soaked  into  the  stone  where  there 
was  no  grease.  Next,  ink  was  put  onto  the 
stone.  The  ink  ran  off  the  wet  stone  but 
soaked  into  the  greasy  drawings.  When 
paper  was  pressed  against  the  stone,  the 
ink  in  the  greasy  spots  came  off  the  stone 
onto  the  paper  in  the  image  of  the  drawings. 

Today  the  process  has  been  changed.  Thin 
metal  plates  are  used  instead  of  the  stone. 
The  image  to  be  printed  is  put  onto  the 
metal  plate.  Fig.  66-2.  Then  the  plate  is 
moistened  and  inked.  The  plate  is  then 
pressed  against  a rubber  blanket  (pad), 
and  the  image  comes  off  the  plate  onto  the 
pad.  Paper  is  then  pressed  against  the 
rubber  pad,  and  the  image  comes  off  the 


Fig.  66-2.  An  offset  printing,  plate  is  made  of  a 

thick  sheet  of  metal.  The  light  and  heavy 
inking  depends  on  the  contrast  between 
the  light  and  dark  places  on  the  plate. 
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pad  onto  the  paper.  See  Fig.  66-3  for  a 
sketch  of  this  process.  This  is  known  as 
offset  lithography  because  the  image  is  off- 
set from  the  metal  plate  to  the  rubber  pad. 
Machines  have  been  built  that  can  print 
four  colors  at  once  and  several  thousand 
sheets  an  hour.  Some  of  the  products  made 
by  offset  lithography  are  commercial  adver- 
tising, folding  cartons,  books,  magazines, 
and  displays. 


Intaglio  Printing: 

Intaglio  printing  is  the  opposite  of  relief 
printing.  The  image  to  be  printed  is  cut 
into  a steel  plate  to  form  a depressed 
(sunken)  image.  Ink  is  then  put  into  the 
depressed  image.  Then  the  excess  (extra) 
ink  is  cleaned  off  the  surface,  but  ink  in  the 
depressed  image  is  left  there.  When  paper 
is  pressed  hard  against  the  plate,  the  ink  is 
pulled  from  the  depressed  image  onto  the 
paper.  The  printed  image  comes  out  raised 


Fig.  66-3.  This  illustration  shows  how  planographic 
printing  is  done.  Notice  how  all  the  parts 
work  together. 


above  the  surface  of  the  paper.  See  Fig.  66- 
4 for  a sketch  of  this  process.  The  main 
intaglio  printing  processes  are  engraving 
and  gravure  printing.  Examples  of  prod- 
ucts made  by  intaglio  printing  are  wedding 
announcements,  labels,  letterheads,  paper 
money,  stock  and  bond  certificates,  and 
packaging  materials.  Intaglio  printing  is 
used  a great  deal  for  color  printing  and  for 
work  where  large  numbers  of  the  printed 
product  are  needed. 


Screen  Stencil  Printing 

Many  people  call  screen  stencil  printing 
silk-screen  printing.  Silk  is  not  always  used 
for  the  screen,  though.  The  screen  may  be 
made  from  nylon,  organdy,  wire,  or  other 
materials.  First,  a stencil  is  made  either  by 
hand  or  by  photography.  Then  the  stencil 
is  stuck  to  the  screen,  where  it  blocks  out 
the  places  that  will  not  be  printed.  Ink  (or 
paint)  is  then  placed  on  the  screen  and 


Ink 


Fig.  66-4.  Intaglio  printing  is  graphically  shown  here. 
The  doctor  blade  wipes  the  excess  ink 
from  the  surface,  but  allows  ink  to  remain 
in  the  depressed  image  areas  where  it 
will  be  transferred  to  the  paper  under 
pressure  from  the  impression  cylinder. 
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squeegeed  across  the  screen.  The  ink  passes 
through  the  holes  in  the  screen  not  covered 
by  the  stencil.  See  Fig.  66-5  for  a sketch  of 
this  process.  Screen  stencil  printing  is  used 
to  print  words  or  designs  on  posters,  signs, 
wallpaper,  greeting  cards,  outdoor  signs, 
dress  goods,  T-shirts,  bottles,  plastic  con- 
tainers, and  many  other  products. 


Six  Steps  in  Printing 

A printed  product  is  made  in  a series  of 
six  steps.  These  are  the  steps: 

1.  creation  of  the  original  (first  copy), 

2.  composition, 

3.  image  preparation, 

4.  image  transfer, 

5.  finishing,  and 

6.  distribution. 

The  cost  of  the  final  printed  product  de- 
pends on  how  complex  (complicated)  these 
steps  are. 


STEP  2 


Printed  through  Squeegee 
stencil  and  \ 

screen  | [fa 


STEPS 


Fig.  66-5.  Screen-stencil  (silk-screen)  printing  is  done 
in  three  different  steps. 
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Creation  of  the  Original 

The  first  step  in  making  a printed  prod- 
uct is  to  put  into  visible  form  (what  can  be 
seen)  all  of  the  information  to  be  printed. 
This  is  put  into  the  form  of  either  text  or 
illustrations,  Fig.  66-6.  The  text  contains  the 
words  to  be  printed.  The  words  are  usually 
typewritten.  Illustrations  are  the  drawings 
and  pictures  used  in  the  printing.  Usually 
the  customer  gives  a printer  the  text  and 
illustrations.  These  are  usually  in  the  form 
of  paste-ups  (sketches  of  how  the  text  and 
illustrations  are  supposed  to  be  arranged  on 
the  printed  page).  See  Fig.  66-7.  Sometimes 
the  printer  gets  the  illustrations  and  the 
paste-ups  ready  for  the  customer. 


Fig.  66-6.  The  original  (first  copy)  of  a printed 

product  is  made  by  an  artist  and  a copy 
editor.  They  moke  visual  and  written 
materials. 


Fig.  66-7.  Original  copy  is  put  into  final  form  in  a 

paste-up.  This  paste-up  will  be  sent  to  the 
printer  who  makes  the  final  camera  copy. 
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Composition 

Composition  is  the  process  of  changing 
the  original  text  into  a final  form  to  be 
printed.  There  are  several  ways  to  compose 
the  text.  The  choice  often  depends  on  the 
printing  process  that  will  be  used  to  print 
the  product.  The  text  can  be  composed  by 
placing  metal  letters  next  to  each  other  on  a 
line  of  type,  by  typing  the  letters  with  a 
special  typewriter,  or  by  photographing 
them.  Several  of  these  ways  have  been  made 
easier  and  more  precise  by  the  use  of  com- 
puters. Thousands  of  different  sizes  and 
shapes  of  letters  can  be  used  to  compose 
texts.  Each  different  shape  of  letter  has  a 
name  and  is  referred  to  as  a type  style  (for 
instance,  roman,  italic,  gothic,  old-style,  etc.) 


riers  are  offset  lithographic  plates,  stencils 
for  screen  stencil  printing,  photoengrav- 
ings, stereotypes,  and  electrotypes. 


Image  Transfer 

After  the  image  carrier  has  been  made, 
the  image  can  now  be  put  onto  paper.  Fig. 
66-9.  This  step  is  most  often  called  press- 
work.  Each  printing  process  uses  a different 
kind  of  press  to  transfer  the  images  (take 
them  from  the  carrier  and  put  them  onto 
the  paper) . There  are  even  several  different 
kinds  of  presses  used  in  some  printing 
processes.  For  instance,  platen  presses, 
rotary  presses,  and  cylinder  presses  are  all 
used  in  letterpress  printing. 


Image  Preparation 

Image  carriers  must  be  made  for  some 
texts  and  for  all  illustrations.  An  image 
carrier  is  the  substance  that  holds  the  image 
to  be  printed.  Fig.  66-8.  For  instance,  the 
image  carrier  of  a rubber  stamp  is  the 
piece  of  rubber  that  makes  the  image  on  the 
piece  of  paper.  Other  kinds  of  image  car- 


Finishing 

Finishing  is  done  after  the  product  has 
be  printed.  Some  examples  of  finishing  op- 
erations are  cutting,  folding,  gathering, 
stapling,  trimming,  and  binding. 


Distribution 


Fig.  66-8.  The  image  of  the  printed  material  is  put 
onto  a metal  plate.  The  metal  plate  is  the 
image  carrier  in  this  printing  process. 


Printed  products  must  be  packaged  and 
distributed  (moved  from  where  they  were 


Fig.  66-9.  The  metal  plate  (the  image  carrier)  is  put 


on  the  printing  press.  The  printing  press 
will  transfer  the  inked  image  to  the  paper. 
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printed  to  where  they  will  be  used  by  the 
customer) . See  Fig.  66-10.  The  way  they  are 
packaged  depends  on  the  kind  and  number 
of  the  printed  products. 


People  in  Printing  and  Their  Training 

Many  people  work  in  the  printing  indus- 
try. They  have  very  unusual  names.  For  in- 
stance, there  are  compositors,  lithographers, 
strippers,  provers,  piatemakers,  photoen- 
gravers, pressmen,  cutters,  and  estimators. 
Most  of  these  production  workers  get  their 
training  on  the  job,  or  in  vocational  and 
technical  school  programs.  Many  of  the 
management  and  support  workers  get  their 
training  in  colleges  and  universities,  or  from 
their  work  in  the  production  jobs  of  the 
industry. 


Summary 

There  are  many  different  kinds  of  printed 
products.  The  five  major  kinds  are  (1) 
newspapers,  (2)  magazines,  (3)  books,  (4) 
commercial  printing,  and  (6)  converted 


Fig.  66-10.  Printed  products  are  first  printed  and 

then  packaged  into  cartons.  The  cartons 
are  stacked  in  groups  on  a pallet  before 
they  are  shipped  to  customers. 
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products.  Printing  is  done  by  four  processes. 
They  are  (1)  relief  printing,  (2)  plano- 
graphic printing,  (3)  intaglio  printing,  and 
(4)  screen  stencil  printing.  The  six  steps  in 
making  printed  products  are  (1)  creation 
of  the  original,  (2)  composition,  (3)  image 
preparation,  (4)  image  transfer,  (6)  fin- 
ishing, and  (6)  distribution. 


Terms  to  Know 


printed  products 

blanket 

volume 

offset  lithography 

support 

depressed 

newspapers 

excess 

magazines 

engraving 

books 

gravure  printing 

commercial  printing 

original 

converted  products 

complex 

published 

visible  form 

relief  printing 

text 

planographic  printing 

illustrations 

intaglio  printing 

paste-ups 

screen  stencil 

composition 

printing 

type  style 

letterpress  printing 

image  carriers 

flexographic 

presswork 

printing 

transfer 

letterset  printing 

finishing 

plane 

distributed 

lithographic  printing 

lithography 

absorbent 

printing 

Think  About  It! 

1.  There  is  printing  on 

nearly  every  prod- 

uct  used  by  man  today.  Name  ten  prod- 
ucts other  than  newspapers,  books,  and 
magazines  that  carry  printed  informa- 
tion. 

2.  There  are  four  basic  kinds  of  printing 
processes  described  in  this  reading.  List 
the  four  processes,  and  under  each  proc- 
ess list  three  products  used  in  your  home 
that  use  each  process. 
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The  Manufacturing 
Corporation 


Most  manufacturing  firms  in  the  United 
States  are  organized  (set  up)  in  one  of  three 
forms.  They  are  (1)  the  proprietorship,  (2) 
the  partnership,  and  (3)  the  corporation. 
Last  semester,  you  read  a little  bit  about  all 
three  of  these  forms  of  business.  In  this 
reading  and  in  those  that  follow,  you  will 
learn  a little  more  about  the  corporation,  the 
way  it  is  started,  and  the  way  it  is  run. 

To  help  you  understand  more  about  how 
to  start  a corporation,  we  will  imagine  that 
we  are  starting  one  to  make  and  sell  desk 
lamps.  Of  course,  a corporation  like  this 
would  probably  make  many  other  products 
as  well. 


Fig.  67-1.  The  modern  corporation  has  grown  out 


of  business  forms  as  old  as  the  Middle 
Ages.  One  major  difference  between  the 
modern  corporation  and  the  business 
organizations  of  hundreds  of  years  ago  is 
that  laws  now  help  people  from  losing 
money  in  case  one  person  does  something 
wrong. 


In  this  reading,  you  will  learn  something 
of  the  history  of  modern  corporations.  You 
will  iearn  a little  about  the  laws  that  control 
the  way  they  run.  You  will  also  learn  a few 
of  the  terms  that  are  used  to  talk  about 
corporations. 

Later  on,  after  you  have  learned  how  to 
start  and  set  up  a corporation,  you  will  plan, 
set  up,  and  control  one  for  making  and  sell- 
ing desk  lamps. 


The  History  of  Corporations 

When  was  the  first  corporation  set  up? 
See  Fig.  67-1.  We  do  not  know  for  sure,  but 
there  seems  to  have  been  a kind  of  corpora- 
tion in  the  early  days  of  Rome.  Of  course, 
it  was  quite  different  from  the  large  ones 
we  have  today.  The  Roman  corporation  was 
set  up  to  deal  with  education,  not  business, 
and  it  was  not  controlled  by  laws  in  those 
days. 

During  the  Middle  Ages,  there  weren’t 
many  corporations.  In  those  days,  the  pro- 
prietorship (with  a single  owner)  and  the 
partnership  (with  two  or  more  owners) 
were  the  common  forms  of  business  owner- 
ship. 

A form  of  business  organization  once  pop- 
ular was  the  joint-stock  company.  This  was 
a company  set  up  and  owned  by  a large 
group  of  men.  Many  important  businesses 
(for  instance,  the  British  East  India  Com- 
pany) were  joint-stock  companies.  But  the 
joint-stock  company  had  one  big  drawback : 
the  men  who  set  up  such  a company  could 
be  made  to  pay  its  debts  (bills)  if  their 
company  could  not  make  a profit  (money 
leftover  from  sales  after  all  bills  have  been 
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The  modem  corporation  goes  back  to 
1598,  when  King  James  I of  England  began 
to  license  (give  permission  to  act  on  their 
own)  such  groups  as  guilds  (men  with  com- 
mon interests,  often  merchants  and  crafts- 
men) and  boroughs  (towns  set  up  to  govern 
themselves).  The  attorney  general  for  King 
James  said  that  a corporation  could  exist 
(live)  apart  from  the  men  who  set  it  up. 
It  could  be  thought  of  as  a separate,  living, 
artificial  person.  It  could  act  on  its  own. 
It  could  make  products  and  sell  them  on  its 
own.  It  could  make  money  and  pay  bills  on 
its  own.  The  men  who  set  up  such  a corpora- 
tion could  not  be  made  to  pay  its  bills  out  of 
their  own  pockets. 

You  can  see  why  people  are  more  willing 
to  join  corporations  than  joint-stock  com- 
panies. They  are  spending  only  what  it  costs 
to  buy  shares  of  stock  (legal  papers  stating 
that  they  own  a part,  or  share,  of  the  busi- 
ness). In  a joint-stock  company,  however, 
they  could  also  be  made  to  pay  the  com- 
pany’s debts  if  it  didn’t  make  any  profits. 

After  1800,  the  corporation  became  fairly 
widespread,  especially  in  the  United  States. 
In  this  country,  there  were  many  laws 
passed  to  help  corporations  get  started.  In 
1811,  the  state  of  New  York  passed  the  first 
limited-liability  law  (stating  that  the  men 
who  set  up  a corporation  could  not  be  made 
to  pay  its  debts).  By  1850,  nearly  every 
state  had  passed  some  kind  of  corporation 
law. 

Corporations  grew  very  fast  in  the  1800’s. 
Before  1800,  there  were  less  than  250  cor- 
porations in  this  country.  By  1900,  the 
corporation  was  well  on  its  way  to  becoming 
the  most  common  form  of  business  in  the 
United  States. 


The  Language  of  the  Corporation 

You  should  understand  the  language  used 
to  talk  about  the  corporation.  Fig.  67-2. 
Some  of  the  terms  that  are  used  most  often 
are  charter,  entity,  limited  liability,  and 
longevity. 


Charter.  A charter  is  a legal  document 
(paper)  that  tells  the  name  of  the  corpora- 
tion, how  it  will  he  financed  (paid  for),  and 
where  and  how  it  will  do  business.  First, 
the  charter  is  drawn  up  (written)  by  the 
mei\  who  are  forming  the  corporation.  Often 
an  attorney  (lawyer)  helps  them.  Next,  this 
charter  is  sent  to  some  state  official  for  ap- 
proval (permission  to  set  up  a business). 
After  the  charter  has  been  approved,  the 
corporation  is  ready  to  elect  officers  (the 
men  who  will  make  decisions  for  the  corpo- 
ration), to  sell  shares  of  stock,  and  to  start 
doing  business. 

Entity.  After  a charter  has  been  ap- 
proved, the  corporation  becomes  an  entity 
(“artificial”  person).  This  means  that  it  ex- 
ists, separate  and  apart  from  the  men  who 
set  it  up.  As  an  entity,  it  has  legal  rights 
and  duties  that  are  distinct  (separate)  from 
those  of  anyone  in  the  corporation.  For  in- 
stance, the  corporation  can  sue  and  be  sued 
in  court.  It  can  make  contracts  and  borrow 
money.  It  can  hire  men  and  pay  them  wages. 
It  can  buy  machines  and  tools  and  pay  for 
them. 


Fig.  67-2.  People  wanting  to  form  a corporation 
should  understand  the  language  of 
corporations  and  the  laws  that  control  them. 
This  information  can  be  found  in  most 
libraries. 
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Limited  liability.  If  a corporation  can  act 
on  its  own,  as  if  it  were  a single  person, 
then  who  pays  the  wages  of  the  workers? 
Who  pays  the  bills  for  the  machines  and 
tools?  According  to  most  state  laws,  the  cor- 
poration itself  must  be  ZiaftZe  (responsible) 
for  its  own  debts  (bills).  A corporation’s  of- 
ficers and  stockholders  are  not  liable  for 
things  done  in  the  name  of  the  corporation. 
For  instance,  if  the  corporation  borrows 
money  that  it  cannot  repay,  its  stockholders 
cannot  be  forced  to  rep^  the  loan.  Thus  you 
can  see  that  the  liability  is  limited  (re- 
stricted) to  the  corporation  itself,  not  to  any 
of  the  men  who  set  up  or  run  it. 

Longevity.  This  word  means  “long  life.” 
Since  a corporation  exists  as  an  “artificial” 
person  apart  from  any  of  the  men  who  set 
it  up  or  run  it,  it  continues  to  exist  even  if 
they  die  or  leave  the  company.  Thus  the  cor- 
poration we  are  thinking  of  forming  to  make 
and  sell  desk  lamps  can  “live”  as  long  as  it 
can  make  and  sell  enough  lamps  to  pay  its 
bills  and  make  us  a profit. 


The  Business  Corporation  Todey 

About  one-fourth  of  all  American  busi- 
ness is  done  by  partnerships  and  proprietor- 
ships. The  other  three-fourths  is  done  by 
corporations. 

This  is  not  the  whole  story.  There  are 
more  than  a million  American  business  cor- 
porations, but  over  600  of  them  are  giants. 
Each  one  of  these  giants  is  worth  more 
than  $100  million,  and  together  they  do  more 
than  half  of  all  the  business  in  the  United 
States. 

In  manufacturing,  corporations  are  also 
the  most  common  form  of  business.  They  do 
more  than  90  percent  of  all  the  manufactur- 
ing done  in  the  U.S.  About  300  giant  manu- 
facturing corporations  own  about  60  percent 
of  the  assets  (land,  buildings,  tools,  and 
machines)  of  the  industry. 

In  our  story,  when  we  put  our  desk  lamps 
on  the  market,  we  will  be  going  into  the  in- 
dustry that  makes  and  sells  lighting  equip- 
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ment.  These  are  very  small  corporations, 
compared  to  the  giants.  On  the  average, 
they  employ  142  workers  and  sell  about  $3 
million  worth  of  lighting  goods  (including 
desk  lamps)  each  year.  This  is  our  competi- 
tion (other  firms  that  make  and  sell  the 
same  products  we  do). 


Advantages  of  Corporations 

Should  we  form  a corporation  to  make 
and  sell  desk  lamps?  Perhaps  we  should,  for 
there  are  clearly  some  advantages.  For  in- 
stance, our  corporation  would  be  a legal  en- 
tity. It  would  have  longevity.  As  organizers, 
we  would  have  limited  liability.  It  is  also 
easier  to  get  the  money  to  start  a corpora- 
tion than  it  is  for  any  other  form  of  busi- 
ness. After  our  charter  is  approved,  we  can 
sell  shares  of  stock  to  get  money  to  buy 
what  we  need  to  start  making  desk  lamps. 
Stockholders  (those  who  buy  these  shares 
of  stock)  might  be  willing  to  buy  our  stock, 
since  they  risk  only  the  money  they  pay  for 
the  stock.  Because  of  limited  liability,  they 
cannot  be  forced  to  pay  the  debts  (bills)  of 
our  corporation. 

Disadvantages  of  Corporations 

Though  a corporation  would  give  us  these 
advantages,  we  should  keep  in  mind  several 
disadvantages.  For  instance,  it  often  takes 
more  time,  effort,  and  money  to  form  a cor- 
poration than  it  takes  for  any  other  form 
of  business.  The  laws  that  control  our  start- 
ing a corporation  differ  from  state  to  state, 
but  forming  a proprietorship  or  a partner- 
ship is  almost  always  simpler  and  costs  less 
money  to  do. 

Another  disadvantage  is  the  set  of  laws 
that  control  how  our  corporation  can  be  run. 
These  too  differ  from  state  to  state.  We  may 
have  to  hire  a lawyer  to  explain  our  state’s 
laws  to  us.  He  may  find  out  that  in  our  state 
we  have  to  make  reports  several  times  a 
year  on  how  well  our  business  is  doing.  This 
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would  take  time  away  from  our  main  job  of 
making  and  selling  lamps. 

Corporations  often  pay  higher  state  and 
local  taxes  than  any  other  form  of  business. 
Also,  the  profits  of  our  corporation  are 
taxed  twice.  First  the  corporation  itself  pays 
taxes  when  the  profit  is  earned.  Then  the 
stockholders  pay  taxes  on  this  same  profit 
when  they  get  it  as  income  from  their  stock 
holdings. 

Limited  liability  is  not  always  an  advan- 
tage. For  instance,  very  small  corporations 
often  have  a hard  time  getting  loans  be- 
cause bankers  know  that  they  cannot  force 
the  corporation’s  officers  or  stockholders  to 
repay  the  loan  if  the  corporation  cannot  re- 
pay it.  If  bankers  won’t  lend  money  to  the 
corporation,  then  its  officers  may  have  to 
promise  to  pay  its  debts,  just  as  they  would 
have  to  do  in  a partnership  or  a proprietor- 
ship. 


Why  Form  a Corporation? 

Now  that  we  have  looked  at  the  advan- 
tages and  disadvantages  of  corporations, 
why  should  we  form  one?  There  are  several 
very  good  reasons  why  we  should. 

First,  the  corporation  makes  it  easier  for 
us  to  make  a large  number  of  desk  lamps. 
The  more  we  can  make,  the  more  we  can 
sell.  As  our  sales  of  lamps  increase,  we  can 
make  more  lamps  to  sell.  The  corporation 
can  also  sell  more  stocks  and  bonds.  With 
more  working  capital  (money  from  the  sale 
of  stocks  and  bonds),  it  can  build  more 
plants  to  make  more  lamps  to  sell.  Thus  a 
corporation  is  more  flexible  (can  grow 
easily)  than  a partnership  or  a proprietor- 
ship. 

Next,  a corporation  can  get  very  good 
managers  (people  who  run  its  plants  and 
offices).  Corporations  can  often  get  more 
good  managers  than  any  other  form  of 
business. 

One  final  reason  is  worth  keeping  in  mind. 
Since  a corporation  is  a legal  entity,  it  must 
act  as  if  it  were  a single  person.  Therefore, 


no  one  officer  can  make  decisions  that  are 
binding  (legally  forcing)  on  other  officers. 
Fig.  67-3.  In  a partnership,  one  partner  can 
hurt  the  other  quite  badly  if  he  makes  a 
poor  decision. 


Summary 

Corporations  have  grown  because  more 
money  could  be  gained  from  them  than  from 
any  other  form  of  business.  Today  there 
are  large  numbers  of  corporations  doing 
business  in  the  United  States.  A few  of 
them  do  most  of  the  business. 

There  are  advantages  and  disadvantages 
to  forming  a corporation,  rather  than  a part- 
nership or  proprietorship.  Some  of  the  ad- 
vantages are: 

1.  The  corporation  exists  as  an  entity  that 
has  legal  rights  and  duties  distinct 
from  those  of  anyone  in  it. 

2.  No  one  in  the  corporation  can  be  forced 
to  pay  its  debts. 

3.  The  corporation  continues  to  exist 
long  after  the  men  who  set  it  up  and 
run  it  have  died  or  left  it. 


Fig.  67-3.  In  a corporation,  one  officer  cannot  make 
decisions  that  are  binding  on  the  rest  of 
the  officers.  In  legal  matters,  the  corporation 
must  act  as  if  it  were  a single  person. 
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4.  Corporations  make  it  possible  to  make 
large  numbers  of  products,  since  the 
money  from  the  larger  volume  of  sales 
and  profits  can  be  used  to  build  more 
plants  to  make  more  products  to  sell. 

6.  Corporations  can  often  get  better 
trained  people  to  manage  their  plants 
and  offices  than  any  other  form  of  busi- 
ness can. 

Some  of  the  disadvantages  of  forming  a 
corporation  are : 

1.  It  takes  more  time,  effort,  and  money 
to  form  a corporation  than  any  other 
form  of  business. 

2.  There  are  more  laws  controlling  the 
forming  and  running  of  a corporation 
than  there  are  for  any  other  form  of 
business. 


Fig.  67-4.  A proprietor  or  a partner  must  carefully 
weigh  the  advantages  against  the 
disadvantages  if  he  is  thinking  of  forming 
a corporation. 
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3.  Corporations  pay  more  and  higher 
taxes  than  any  other  form  of  business. 

4.  It  is  often  very  hard  to  borrow  money 
for  corporations,  since  the  banks  know 
that  there  is  no  one  in  the  corporation 
who  can  be  made  to  repay  the  loan. 

Clearly,  anyone  wanting  to  form  a corpo- 
ration in  the  United  States  should  carefully 
weigh  the  advantages  and  disadvantages  of 
doing  so  before  he  makes  his  decision.  This 
is  especially  true  if  he  is  already  in  business 
as  a proprietor  or  as  a partner.  Fig.  67-4. 


Terms  to  Know 

organized 

longevity 

proprietorship 

document 

partnership 

financed 

corporation 

drawn  up 

joint-stock  company 

attorney 

debts 

approval 

profit 

officers 

license 

distinct 

guilds 

liable 

boroughs 

limited 

exist 

assets 

artificial  person 

competition 

shares  of  stock 

stockholders 

share 

working  capital 

limited-liability  law 

flexible 

charter 

managers 

entity 

binding 

limited  liability 

Think  About  It ! 

1.  Look  in  the  Yellow 

Pages  of  your  local 

phone  book  and  find  five  corporations. 
How  do  you  know  they  are  corporations  ? 

2.  In  this  reading,  you  learned  that  there 
are  about  300  giant  manufacturing  cor- 
porations. Suppose  you  have  a new  serv- 
ice for  corporations  and  you  would  like  to 
sell  it  to  the  largest  corporations  'first. 
How  would  you  go  about  finding  the 
names  of  the  five  largest  corporations? 
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The  Corporation 
(Group  of  People) 


Recognized 

entity 


Expense  and 
inconvenience 
in  forming 


Operating  rules 
and  regulations 


Higher  taxes 
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Forming 
a Corporation 

Men  who  want  to  start  a new  business  or 
a manufacturing  company  usually  start  by 
forming  a corporation.  In  the  last  reading, 
you  learned  something  about  corporations 
and  their  advantages  and  disadvantages.  In 
this  reading,  you  will  learn  how  corpora- 
tions are  formed  so  that  you  will  be  better 
able  to  form  one  of  your  own  to  make  and 
sell  desk  lamps.  There  are  some  kinds  of  in- 
formation you  must  get,  and  some  decisions 
that  you  must  make,  before  you  can  get  a 


Fig.  68-1,  Corporations  are  started  with  ideas. 

Capital,  as  well  as  money  from  one's  own 
savings  account,  will  be  needed.  Someday 
this  young  man  may  have  an  idea  and  use 
his  savings,  along  with  other  capital,  to 
start  a corporation. 


charter.  There  is  the  legal  “paper  work” 
{charters  and  bylaws)  that  you  must  take 
care  of,  before  you  can  plan  the  future  pro- 
duction of  desk  lamps. 


Forming  the  Public  Corporation 

You  may  choose  to  start  your  new  busi- 
ness as  a corporation,  rather  than  as  an  in- 
dividual, either  alone  or  with  a partner.  A 
corporation  is  more  permanent  (long-last- 
ing). It  will  last  after  the  death  of  its 
owners.  Perhaps  the  most  important  ad- 
vantage of  a corporation  is  that  you  can 
sell  stocks  and  bonds  to  raise  money.  Fig. 
68-1.  To  start  a business,  and  keep  it  run- 
ning until  it  starts  to  earn  you  profits,  you 
need  large  amounts  of  money. 

If  you  are  forming  a corporation  to 
make  and  sell  desk  lamps,  you  must  find  out 
how  much  working  capital  (money  to  buy 
fixed  capital  like  buildings,  tools,  machines, 
etc.)  you  will  need  to  set  up.  the  plant  and 
run  it  for  several  months.  You  will  prob- 
ably have  to  make  and  sell  lamps  for  about 
six  months  before  the  income  from  their 
sales  equals  the  cost  of  making  them. 

After  you  find  out  roughly  how  much 
money  you  need,  you  must  decide  how  you 
will  try  to  raise  the  money.  There  are  sev- 
eral ways  you  can  do  this.  The  most  com- 
mon ways  are  (1)  sale  of  stock,  (2)  bank 
loans,  (3)  loans  from  individuals  (often 
family  and  friends),  and  (4)  sale  of  bonds. 
Financial  (money)  experts  may  help  you 
decide  which  of  these  ways  would  be  ‘lest  in 
your  case. 

After  you  have  decided  how  to  raise  the 
money  you  need,  you  should  hire  an  attor- 
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ney  (lawyer),  Fig.  68-2.  He  will  help  you 
get  a charter  (legal  permission  to  set  up  a 
new  business)  in  a state  that  is  friendly  to 
corporations. 

Choosing  a State  in 
Which  to  Incorporate 

Choosing  where  to  incorporate  (set  up  a 
corporation)  will  not  be  a problem  if  you 
are  planning  to  make  and  sell  lamps  within 
the  borders  of  only  one  state,  Fig.  68-3.  In 
that  case,  you  will  do  whatever  that  state’s 
laws  say  you  must  do.  But  if  your  corpora- 
tion will  be  doing  business  in  several  states, 
you  and  your  attorney  will  have  to  talk 
over  and  find  answers  to  many  of  these 
questions : 

1.  How  long  is  the  corporation  to  be 
chartered?  Is  it  to  go  on  “forever”? 
Is  it  to  be  set  up  for  a definite  length 
of  time?  In  some  states,  the  law  says 
that  you  must  decide  this  before  you 
can  go  into  business  there. 

2.  Will  your  corporation  own  any  of  its 
own  stock,  or  must  all  its  stock  be  sold 
to  the  public? 


3.  What  voting  rights  will  your  stock- 
holders have?  What  kinds  of  voting 
will  be  legal?  For  instance,  sometimes 
stock  is  sold  in  two  types.  Stockhold- 
ers of  one  type  elect  more  directors 
than  do  stockholders  of  the  other  type. 
(Directors  are  the  ones  who  make  im- 
portant decisions  about  what  the  cor- 
poration does.) 

4.  How  will  dividends  (profits  earned  by 
the  stockholders)  be  paid  to  the  stock- 
holders? Most  states  have  rules  that 
tell  you  how  this  must  be  done. 

5.  Is  there  an  incorporation  fee  charged 
by  each  state  that  you  want  to  do  busi- 
ness in?  If  so,  how  much  is  it?  You 
should  also  find  out  what  the  taxes  are 
in  each  state. 

6.  Where  must  the  corporation  hold  its 
meetings?  Most  state  laws  say  that 
these  must  be  held  in  the  same  state 
as  the  home  office  of  the  corporation. 

7.  Do  you  and  your  directors  have  to  be 


Fig.  68-3.  Choosing  the  state  in  which  to  set  up  a 
new  corporation  is  very  important.  This 


Fig.  68-2,  The  incorporators  must  work  out  the  details 
of  the  charter  before  they  apply  to  the 
state  for  permission  to  do  business  there. 
Usually,  an  attorney  will  be  needed  to 
give  them  legal  help.  x.  m 


decision  can  make  the  process  of 
incorporation  easy.  How  well  the 
corporation  runs  also  depends  on  choosing 
the  best  state  in  which  to  set  up 
the  new  business. 


citizens  in  each  of  the  states  you  want 
to  do  business  in? 

8.  What  do  the  laws  of  each  state  say 
about  amendments  (changes)  to  the 
corporation’s  charter? 

9.  Do  the  laws  of  any  state  limit  (re- 

strict) what  your  directors  can  do  ? Do 
they  limit  corporations  in  any  other 
ways  ? 

10.  J^at-is-the^feelihg  toward  corpora- 
tions in  each  of  the  states?  Do  they 
want  corporations  to  do  business  in 
their  states? 


The  Corporation  Charter 

Suppose  that  you  have  chosen  a state  in 
which  to  set  up  your  corporation  to  make 
and  sell  desk  lamps.  You  must  now  apply 
(ask)  for  a charter  from  the  right  state 
official.  Usually  this  official  is  the  Secretary 
of  State.  The  charter  will  show  that  the 
state  has  given  the  corporation  the  right  to 
do  business  within  its  borders.  The  follow- 
ing information  usually  goes  into  the  char- 
ter: 

1.  Purposes  of  the  Corporation.  The  pur- 
poses for  setting  up  the  corporation 
must  be  clearly  stated.  Investors  (peo- 
ple who  put  money  into  stocks  and 
bonds)  will  want  to  know  this  before 
they  buy  stocks  or  bonds.  Banks  will 
also  want  to  know  this  before  they  lend 
money  to  the  corporation. 

2.  The  Home  Office.  This  does  not  have  to 
be  the  place  where  most  of  the  busi- 
ness is  done,  but  it  must  be  a place 
where  legal  papers  and  mail  can  be 
sent. 

3.  Amounts  and  Types  of  Stock.  The 
charter  must  state  the  number  of 
shares  of  stock  to  be  sold  and  their  par 
(basic)  value.  It  must  also  state  how 
much  money  the  corporation  has  on 
hand  to  start  doing  the  business.  Nor- 
mally, not  all  of  the  stock  must  be 
sold  at  the  time  the  corporation  is  set 
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up.  The  only  amount  that  must  be  sold 
at  this  time  is  whatever  is  needed  to 
meet  the  laws  of  the  state,  or  needed  to 
raise  the  working  capital  to  start  mak- 
ing the  product  to  be  sold. 

4.  The  Corporation  Name.  The  name  of 
the  corporation  should  be  chosen  with 

care.  It  should  be  easy  to  remember  so 

that  the  public  can  pick  out  your  prod- 
uct from  others  like  it.  This  name  can 
be  a real  help  in  selling  more  stock 
later  on,  and  in  borrowing  money 
when  the  corporation  needs  it. 

5.  Original  Incorporators.  In  most  states, 
the  names  and  home  addresses  of  all 
the  people  who  are  setting  up  the  cor- 
poration must  be  listed  in  the  charter. 
The  charter  should  also  tell  how  many 
shares  of  stock  each  has  bought. 

The  charter  should  also  state  how  long  the 
corporation  will  last.  Usually  this  will  be  the 
longest  time  allowed  by  the  state.  Some 
states  will  grant  a perpetual  charter  (one 
that  lasts  forever) . 


After  the  Charter:  The  Bylaws 

You  and  the  other  incorporators  (those 
who  are  setting  up  the  new  business)  are 
now  ready  to  hold  your  first  formal  meeting. 
At  this  meeting,  you  must  do  several  things. 
You  must  elect  directors,  choose  the  form  of 
the  stock  certificate,  and  sell  the  stock  to  all 
the  incorporators.  The  most  important  thing 
you  must  do  is  to  adopt  (choose)  the  by- 
laws of  the  corporation,  Fig.  68-4. 

The  bylaws  state  the  regulations  (rules) 
of  the  corporation.  They  state  how  the 
business  will  run.  They  must  conform 
(agree)  to  the  charter  and  to  state  laws. 
Usually  there  are  bylaws  for  the  following: 

1.  The  duties  of  corporation  officers, 

2.  The  jobs  of  corporation  committees, 

• „ 3.  The  rules  for  selling  more  stock, 
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4.  The  time  and  place  for  the  meetings  of 
the  stockholders, 

5.  The  time  and  place  for  the  meetings  of 
the  directors, 

6.  The  training  and  experience  needed  by 
the  directors,  and 

7.  The  rules  for  paying  dividends  to  the 
stockholders. 


Summary 

Once  you  and  a group  of  other  people  de- 
cide to  start  a corporation,  you  must  carry 
out  the  steps  needed  to  get  a charter  be- 
fore your  new  company  can  do  business. 
You  must  decide  what  the  purposes  of  the 
corporation  are.  You  must  pick  a location 
for  its  home  office.  You  must  choose  a name 
for  your  new  corporation.  You  must  decide 
what  types  of  stock  your  corporation  will 
sell.  After  the  charter  is  approved  by  the 
right  state  official,  you  must  all  meet  to 
work  out  the  bylaws  and  the  many  details  of 
how  your  new  business:  will  be  run.  In  the 
next  reading,  you  will  learn  how  people  fit 
into  a corporation. 


Fig.  68-4.  After  the  charter  has  been  approved,  the 
incorporators  must  meet  and  adopt  the 
byla\ws  of  their  corporation. 


Terms  to  Know 

corporation 

amendments 

charter 

limit 

bylaws 

apply 

permanent 

investors 

working  capital 

home  office 

fixed  capital 

par  value 

financial 

perpetual  charter 

attorney 

incorporators 

incorporate 

adopt 

directors 

regulations 

dividends 

conform 

legal  residence 

Think  About  It! 

1.  Where  in  your  town  or  city  would  you 
go  to  find  the  rules  and  regulations  that 
control  corporations  in  your  state? 

2.  List  three  major  manufacturing  corpora- 
tions that  have  their  legal  residence  in 
your  state.  How  did  you  find  this  out? 


Relating  People 
to  the  Corporation 


In  your  readings  last  semester,  you 
learned  about  manufacturing  personnel 
technology.  There  are  five  main  steps  in  per- 
sonnel technology.  They  are  (1)  hiring,  (2) 
training,  (3)  working,  (4)  advancing,  and 
(5)  retiring.  In  this  reading,  you  will 
learn  about  the  ways  that  corporations 
carry  out  these  steps.  You  will  also  learn 
about  personnel  relationships  within  the 
corporation. 


Management  Personnel 

Managers  (those  people  who  run  the  cor- 
poration for  the  directors  and  stockholders) 
do  not  directly  add  value  to  the  product 
their  company  makes.  They  indirectly  add 
value  by  the  planning,  organizing,  and  cow- 
tr oiling  jobs  they  do. 

What  kinds  of  people  become  managers? 
See  Fig.  69-1.  First,  a manager  must  be  a 
leader  (someone  who  can  make  decisions). 
He  must  also  be  willing  to  learn  new  things, 
because  new  materials,  machines,  or  proc- 
esses are  always  being  developed.  These 
new  developments  often  mean  that  changes 
must  be  made  in  the  ways  things  used  to  be 
done. 

A manager  must  be  willing  to  support 
(back  up)  company  rules.  He  must  also  be 
able  to  explain  them  to  the  people  who  work 
for  him.  He  must  be  able  to  get  along  well 
with  other  people,  for  he  must  work  with 
other  managers,  superiors  (bosses),  and 
production  workers. 

A manager  must  also  be  a person  who 
wants  to  get  a job  done.  He  is  not  interested 
in  whether  he  will  be  able  to  leave  the 
office  on  time  every  day,  nor  in  whether  he 


is  doing  more  than  someone  else.  He  must 
be  strong  and  healthy,  for  his  job  is  very 
tiring. 

A manager  must  be  able  to  do  things  well. 
After  he  completes  high  school,  he  should 
get  more  training  in  management  skills 
that  he  will  need  to  do  his  job  well.  For 
some  management  jobs,  he  will  need  a col- 
lege degree  with  special  training  in  market- 
ing, production,  finance,  accounting,  or 
management.  For  other  management  jobs, 
he  will  need  junior  college  work  in  data 
processing,  accounting,  or  sales. 

For  still  other  management  jobs,  he  will 
need  technical  knowledge.  For  these  jobs, 
a manager  should  have  gone  to  a technical 


Fig.  69-1.  There  are  many  jobs  for  people  to  do  in 


corporation  management.  The  person  who 
often  becomes  a manager  is  eager,  can 
get  along  well  with  others,  and  can  carry 
out  high-level  management  jobs. 
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training  school.  Some  managers  may  get 
the  knowledge  they  need  for  their  jobs 
through  technical  or  business  courses  from 
correspondence  schools.  Still  another  group 
of  managers,  such  as  engineers  and  research 
or  testing  managers,  will  need  special  col- 
lege work  in  engineering,  statistics,  chem- 
istry, physics,  or  other  highly  technical 
fields. 

Besides  the  knowledge  he  needs  for  any 
management  job,  there  may  be  some  spe- 
cial training  and  skills  that  a manager 
can  only  get  through  work  experience.  Some 
managers  must  have  worked  on  a produc- 
tion job  in  order  to  get  some  of  the  knowl- 
edge they  need.  Fig.  69-2. 

Each  year,  as  technology  grows,  so  does 
the  need  for  special  kinds  of  managers.  In  a 
modern  corporation,  this  means  that  man- 
agers are  usually  hired  who  have  had  the 
basic  training  and  experience  for  their  jobs. 
But  they  must  often  be  trained  further  in 
some  special  skill  they  need  for  the  manage- 
ment job  they  are  going  to  do.  This  may  be 
done  through  on-the-job  training  in  the 
company  or  at  a special  school.  This  is  an 
important  part  of  the  relationship  between 


Fig.  69-2.  Sometimes  a person  who  wants  to  become 
a manaper  must  have  production  experience. 
He  neeas  this  in  order  to  do  part  of  his 
management  job  well.  ‘ ^ 


a corporation  and  its  managers.  When  a | 
corporation  trains  its  own  managers,  it 
often  builds  up  loyalty  towards  the  com- 
pany. At  the  same  time,  it  builds  up  a 
strong  feeling  in  the  managers  that  they  can 
do  a good  job  for  the  company. 

Planning  and  Organizing  Functions 

The  manager  has  an  important  job.  He  ^ 
helps  to  plan  the  goals,  the  purposes,  and 
the  rules  of  the  corporation.  He  may  plan 
market  research  to  find  out  what  product 
customers  will  buy.  He  may  guide  the  work 
of  designing  a good  product,  making  the 
product  in  the  best  way,  and  keeping  up  the 
good  quality  of  the  product. 

It  is  the  manager  who  organizes  (sets  up) 
the  corporation  to  get  things  done.  Fig.  69- 
3.  He  decides  what  and  how  many  depart- 
ments the  corporation  will  have.  For  in- 
stance, he  may  decide  whether  sales  and 
marketing  will  be  one  department  or  two. 

He  may  also  decide  whether  production  in 
all  plants  will  be  run  from  one  central  pro- 
duction office,  or  whether  each  plant  will 
have  its  own  production  manager  who  will 
be  in  charge  of  the  production  only  in  his 
own  plant. 


Fig.  69-3.  Managers  must  make  decisions.  If  they 
cannot  make  decisions  about  how  the 
corporation  must  run,  work  will  not  get  done. 
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Controlling  Functions 

Once  the  corporation  is  set  up  and  is 
making  products,  managers  are  needed  to 
help  control  what  the  corporation  does.  The 
highest  level  of  control  is  to  direct  the 
whole  work  of  the  corporation.  The  man- 
ager in  charge  of  this  job  is  the  president. 
To  help  him,  he  often  has  several  vice- 
presidents,  each  in  charge  of  a certain 
kind  of  work.  There  may  be  a vice-presi- 
dent in  charge  of  production,  one  in  charge 
of  finance,  and  one  in  charge  of  sales.  Under 
each  of  these  managers,  there  will  be  man- 
agers  who  are  in  charge  of  more  specific 
jobs.  There  is  a manager  who  is  in  charge 
of  monitoring  (checking)  production.  There 
are  managers  who  are  in  charge  of  correct- 
ing poor  work  in  production,  quality  con- 
trol, or  inventory. 


Production  Personnel 
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usually  a way  for  him  to  tell  someone  who 
can  do  something  about  it.  Fig.  69-4. 

Like  the  manager,  the  worker  should  try 
to  get  along  well  with  others.  It  is  easier 
for  everyone  to  do  a good  job  when  people 
who  work  with  each  other  are  friendly. 

The  worker  can  often  upgrade  his  skills  or 
his  knowledge.  If  he  does,  there  are  usually 
ways  for  him  to  be  promoted  (moved  up- 
wards) to  a new  job  where  he  can  use  his 
new  skills  or  knowledge. 

How  much  schooling  a production  worker 
needs  to  do  his  job  depends  on  his  work. 
Good  managers  will  put  a worker  on  a job 
most  nearly  suited  to  his  skill  and  school- 
ing. Unskilled  workers  may  not  have  fin- 
ished high  school.  Semiskilled  workers 
usually  have  finished  high  school,  and  may 
even  have  gone  to  school  a year  or  two  after 
high  school.  Skilled  workers  usually  have 
gone  to  a trade  school,  or  have  trained  as 
an  apprentice.  They  have  often  gone  to  a 
junior  college.  Most  companies  train  their 
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In  manufacturing,  production  workers  di- 
rectly add  value  to  raw  materials  by  chang- 
ing their  form.  There  are  skilled,  semi- 
skilled, and  unskilled  workers.  Without 
them,  nothing  would  be  produced. 

To  make  a desk  lamp,  many  different  skills 
are  needed  for  the  many  different  produc- 
tion jobs.  Work  like  unloading  raw  materials 
from  trucks  is  unskilled.  It  takes  very  little 
skill  or  schooling  to  do  this  job  well.  Work 
like  running  a stamping  machine  or  drill 
press  is  semiskilled.  It  takes  more  skill  to 
do  this  well.  Work  like  welding  is  skilled. 
It  takes  even  more  skill  to  do  this  well. 

In  any  production  line,  it  is  important  for 
each  worker  to  do  his  job  well.  Each  job  on 
a production  line  depends  on  each  of  the 
others  being  done  well.  If  one  worker  does 
a poor  job,  no  one  else  can  do  as  well  as  he 

should.  , ,j  u 

Like  the  manager,  the  worker  should  be 

willing  to  support  the  company  and  its 
rules.  This  does  not  mean  that  he  may  never 
disagree.  When  he  has  a complaint,  there  is 


Fig.  69-4.  Good  working  relationships  are  important 
in  any  company.  If  a worker  has  a 
complaint,  he  can  usually  tel!  someone 
who  can  do  something  about  it. 
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own  workers  for  certain  jobs,  Fig.  69-5. 
There  are  on-the-job  training  programs 
which  help  the  worker  learn  any  special 
skills  he  needs  for  the  job  he  was  hired  to 
do.  Also,  many  companies  like  their  workers 
to  take  correspondence  courses  in  order  to 
learn  new  skills. 

There  are  many  different  production 
worker  jobs  in  any  manufacturing  plant. 
The  Dictionary  of  Occupational  Titles,  pub- 
lished by  the  U.  S.  government,  lists  hun- 
dreds of  production  jobs  and  the  skills  and 
schooling  a worker  needs  to  get  them.  Jobs 
that  have  many  common  duties  are  grouped 
in  the  same  class.  For  instance,  all  electrical 
workers  work  with  electricity.  Some  of 
them  may  make  electrical  parts,  others  may 
assemble  electrical  products,  and  still  others 
may  test  and  repair  electrical  products.  For 
each  of  these  jobs,  the  worker  needs  a dif- 
ferent kind  of  schooling,  training,  and  skill. 
Yet  all  will  be  listed  under  the  general 
heading,  “electrical  worker.” 


When  a corporation  treats  its  workers 
well,  they  usually  do  their  jobs  well.  When 
workers  do  their  jobs  well,  the  customers 


Fig.  69-5.  The  corporation  may  hire  full-time  teachers 
to  give  on-the-job  training  to  their  workers. 


Personnel  Practices 

The  corporation  can  make  sure  that  it  is 
known  as  a fair  employer  through  its  per- 
sonnel practices  (how  it  treats  its  workers) . 
An  applicant  (someone  who  wants  a job) 
for  a job  should  be  chosen,  or  rejected,  for 
reasons  that  are  fair,  and  that  he  can  under- 
stand. When  someone  is  hired,  he  should 
know  just  what  his  job  will  be.  Training  for 
any  job  should  be  well-planned.  The  corpo- 
ration should  pay  a fair  wage,  and  should 
make  sure  that  there  is  a good  physical 
setting  (Fig.  69-6)  and  a friendly  place  to 
work  in. 

Workers  should  know  what  they  must  do 
in  order  to  be  advanced  and  promoted.  They 
should  also  know  for  what  reasons  they  may 
be  demoted  (moved  downward).  There 
should  also  be  written  rules  for  firing  a 
worker,  so  that  if  this  happens,  the  worker 
knows  why  it  was  done.  These  are  all  things 
a corporation  can  do  to  make  workers  feel 
good  about  working  there. 


Fig.  69-6.  The  corporaHon  must  understand  what  its 

workers  need  to  do  their  jobs  well.  This  man 
is  studying  the  sound  level  near  a machine. 
If  the  noise  level  is  too  high,  then  the 
noise  will  be  reduced  so  that  the  workers 
can  do  their  jobs  well. 


Relating  People  to  the  Corporation 
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who  buy  desk  lamps  get  a good  product  at 
a fair  price.  You  can  see  that  everyone 
gains  when  a corporation  and  its  workers 
treat  each  other  well. 

Through  labor-management  talks  over 
wages  and  benefits,  good  corporation  man- 
agement understands  what  its  workers  need 
to  do  their  jobs  well.  When  sales  begin  to 
fall  off,  it  finds  out  why  customers  are  not 
happy  with  the  product.  The  corporation 
which  does  not  pay  any  attention  to  its 
workers  or  its  customers  soon  goes  out  of 
business. 


Relationships  with  Other  People 

Besides  managers  and  production  work- 
ers, the  corporation  needs  to  treat  other 
people  well.  In  our  desk  lamp  company,  its 
salesmen  sell  lamps  to  retail  stores  (those 
who  sell  the  lamps  to  the  public).  The 
salesmen  in  these  retail  stores  must  like 
the  product  if  they  are  going  to  sell  many 
desk  lamps  to  the  public.  The  customer 
must  like  the  product  if  he  is  going  to  buy 
more  desk  lamps,  or  tell  his  friends  to  buy 
them.  Usually,  if  a product  is  liked,  the 
company  that  makes  it  is  also  well-liked. 
If  the  product  is  not  liked,  then  the  com- 
pany that  makes  it  is  not  liked. 

Salesmen  and  customers  are  not  the  only 
people  that  must  like  the  product  and  the 
company  that  makes  it.  Advertising  people 
must  like  the  product  (and  the  company), 
since  their  work  helps  to  sell  the  desk 
lamps  in  the  first  place.  Service  workers 
must  also  like  the  product  (and  the  com- 
pany), since  they  are  the  ones  who  keep  it 
working  well  after  it  has  been  sold  to  the 
customer. 

There  are  many  other  people  who  work 
for  the  corporation  in  supportive  jobs  (those 
that  do  not  make  the  product  but  are 
needed  to  get  it  ready  for  the  customer). 
Many  companies  now  hire  doctors  and 
nurses  to  take  care  of  sick  and  injured 
workers  right  there  in  the  plant.  Fig.  69-7. 
Other  supportive  workers  can  be  found  in 


the  accounting,  purchasing,  and  sales  de- 
partments. Most  of  them  do  clerical  (record- 
keeping) work.  Fig.  69-8.  These  people  are 
not  managers,  because  they  do  not  direct  the 
work  of  other  people  or  make  many  impor- 
tant decisions.  They  are  not  production 


Fig.  69-7.  People  may  work  in  such  supportive  jobs 
as  medical  care  for  corporation  workers. 


Fig.  69-8.  All  corporations  need  clerical  workers  to 
handle  office  work  in  accounting, 
purchasing,  and  sales  departments. 
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workers,  because  their  work  does  not  change 
the  form  of  the  raw  materials  in  any  direct 
way.  Many  of  these  workers  get  their  train- 
ing on  the  job,  though  sometimes  not  in 
jobs  in  a manufacturing  corporation.  Most 
of  them  have  had  training  in  clerical  skills, 
either  in  high  school  or  in  business  school 
The  corporation  must  treat  these  workers 
as  well  as  it  treats  managers  and  produc- 
tion workers.  When  they  are  treated  well, 
clerical  workers  often  stay  with  a company 
for  many  years.  Usually,  the  longer  they 
stay,  the  better  they  do  their  jobs. 

Terms  to  Know 


hiring 

training 

working 

advancing 

retiring 

managers 

directly 

indirectly 

planning 

organizing 

controlling 

leader 

support 

superiors 


market  research 
organizes 
monitoring 
correcting 
promoted 
The  Dictionary  of 
Occupational  Titles 
personnel  practices 
applicant 
demoted 
retail  stores 
supportive  jobs 
clerical 


Summary 

Corporations  try  to  hire  workers  who  can 
do  the  jobs  needed  to  make  and  support 
their  products.  They  also  try  to  hire  people 
who  can  get  along  well  with  each  other. 
Corporations  must  understand  the  feelings 
of  both  their  workers  and  their  customers. 
If  these  feelings  are  ignored,  the  corpora- 
tions may  have  problems  with  their  workers 
and  may  have  trouble  selling  their  products. 


Think  About  It! 

1.  Many  people  have  the  wrong  belief  that 
managers  are  “better”  than  production 
workers.  In  today’s  complicated  world, 
there  are  advantages  and  disadvantages 
to  both  jobs.  List  three  advantages  of 
being  a production  worker.  Also  list  three 
advantages  of  being  a manager. 

2.  Look  at  the  want  ads  in  a recent  issue  of 
your  local  newspaper.  Were  there  more 
job  openings  for  managers  or  for  produc- 
tion workers?  Why  do  you  suppose  this 
is  true? 


-Hiring 


-Training 

-Working 

-Advancing 

-Retiring 


-Planning 

-Organizing 

^Controlling 


-Preprocessing 

“Processing 

-Servicing 


-Health 

-Accounting 

-Purchasing 

-Sales 
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Making 
the  Sales 
Forecast 


Earlier  in  these  readings,  you  learned 
that  surveys  (studies)  are  made  to  find  out 
what  products  consuvfiers  (buyers)  want  to 
buy  and  what  prices  they  want  to  pay.  In 
this  reading,  you  will  learn  how  manage- 
ment uses  such  surveys,  along  with  other 
economic  data  (information  about  money 
matters),  when  a company  is  planning  to 
make  a new  product. 


The  Market  Survey 

You  remember  that  you  have  formed  a 
corporation  to  make  and  sell  desk  lamps. 
You  have  not  yet  decided  what  type  of  desk 
lamp  your  firm  will  make. 

If  your  firm  were  already  making  other 
products,  it  would  have  a plant,  tools,  ma- 
chines, and  trained  workers.  You  and  your 
managers  would  want  to  use  these  to  make 
your  new  product.  You  would  ask  yourselves 
this  question:  What  kind  of  lamp  can  be 
made  on  our  machines,  in  our  plant,  by  our 
workers? 

However,  since  you  are  just  setting  up 
your  corporation,  it  does  not  yet  have  a 
plant,  machines,  or  workers.  Before  you  can 
begin  making  desk  lamps,  large  amounts  of 
money  will  have  to  be  spent  for  these  in- 
puts (what  is  needed  to  start  production) . 
Therefore  you  and  your  managers  will  need 
to  know  just  how  many  of  what  kind  of  desk 
lamps  you  can  sell.  In  what  price  ranges  do 
the  lamps  sell  that  are  made  by  your  com- 
petitors (those  also  in  the  business  of  mak- 
ing and  selling  desk  lamps)  ? What  styles 
of  desk  lamps  do  they  make?  The  decisions 
you  make  about  style  and  price  will  depend 
partly  on  how  strong  your  competition  is. 


You  must  also  know  what  the  buyers  of 
desk  lamps  want  and  need.  What  does  the 
person  who  buys  a desk  lamp  want  it  to  do? 
What  should  the  lamp  look  like?  How  much 
should  it  cost?  What  service  does  the  cus- 
tomer expect  from  the  firm  that  makes  the 
lamp  he  buys?  The  kind  of  lamp  you  make 
depends  on  the  answers  to  these  questions. 

When  your  corporation  has  decided  what 
kind  of  desk  lamp  it  will  make,  you  must 
next  decide  what  price  you  will  sell  it  for. 
Market  research  teams  (people  who  find  out 
what  people  are  buying  and  how  much  they 
are  paying  for  what  they  buy)  can  get  data 
(information)  for  you  about  the  prices  of 
the  lamps  made  by  your  competitors.  Fig. 
70-1.  One  way  they  do  this  is  to  average  the 


Fig.  70-1.  A market  researcher  gets  data  obout 
prices  of  competitors'  products  to  help 
set  a price  for  the  corporation's  own 
products. 
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prices  of  the  other  lamps.  This  average  will 
show  you  how  much  the  buyer  is  willing  to 
pay  for  a desk  lamp. 

A more  precise  way  to  set  your  price  is  to 
find  out  what  prices  desk  lamps  sell  for,  and 
how  many  lamps  are  sold  at  each  price.  But 
this  kind  of  data  is  usually  hard  to  get. 
Your  competitors  won’t  usually  tell  you 
exactly  how  many  lamps  they  have  sold. 
You  know  that  the  price  on  your  lamps 
should  not  be  too  much  higher  nor  too  much 
lower  than  the  lamps  being  sold  by  other 
firms. 


Economic  Data 

A market  analysis  is  a study  of  what  peo- 
ple are  buying  or  what  they  have  been  buy- 
ing recently,  Fig.  70-2.  It  should  also  include 
data  about  the  economic  future.  If  sales  are 
rising,  this  might  show  that  customers 
would  be  willing  to  buy  desk  lamps.  If  sales 
are  falling,  this  might  show  that  customers 
would  not  be  buying  very  many  desk  lamps. 
Economic  data  (information  about  money 
matters)  published  by  the  government  and 


Fig.  70-Z  The  doto  obouf  whof  people  ore  buying, 
or  have  been  buying,  may  be  shown  on  a 
graph.  This  groph  con  help  the  reseorcher 
predict  the  economic  future  of  o 
company's  products. 
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the  lamp  industry  itself  can  be  very  help- 
ful here.  Such  data  are  gotten  from  the 
business  census  which  the  government 
makes  each  year.  This  yearly  census  is  one 
of  the  most  trusted  sources  of  data  about 
what  business  will  be  like  in  the  next  year. 

To  make  a sales  forecast  means  to  pre- 
dict what  the  future  sales  of  some  product 
will  be.  Sales  forecasting  is  done  by  many 
people  using  a lot  of  special  data.  The  data 
used  to  make  these  forecasts  are  usually 
gotten  by  a market  research  team.  This 
team  collects  the  data  and  evaluates 
(judges)  it  for  its  accuracy  (correctness), 
Fig.  70-3.  These  data  may  include  the  total 
number  of  desk  lamps  sold,  say,  during  the 
month  of  June,  and  the  kind  of  customers 
who  bought  them.  For  instance,  they  may 
have  been  bought  by  schools,  offices,  or  in- 
dividuals. After  the  data  have  been  judged, 
they  are  reported  to  specialists  in  market- 
ing and  sales.  It  is  their  job  to  use  these 
data  to  predict  the  sales  of  new  desk  lamps 
in,  say,  the  next  six  months. 

Once  they  have  completed  their  forecast, 
they  must  report  it  and  explain  it  to  you 
and  your  management.  You  will  then  decide 


Fig.  70-3.  The  data  from  market  research  are  put  on 
cards  and  the  cards  are  sorted  by  this 
machine.  The  date  are  used  to  make  the  best 
decisions  about  next  year's  business. 
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what  kind  of  lamps  and  how  many  will  be 
made  in  the  next  six  months.  Perhaps  the 
data  show  that  a low-priced,  modern  lamp 
will  sell  as  well  as  a high-priced,  tradi- 
tionally-styled lamp.  You  and  your  manag- 
ers will  have  to  decide  if  your  corporation 
will  make  one  of  these  lamps,  or  both 
of  them.  The  profits  you  will  make  depend 
on  the  correctness  of  the  forecast  and  the 
decisions  that  you  and  your  management 
make  based  on  that  forecast.  Thus  the  data 
for  your  decision-making  must  be  as  correct 
and  complete  as  possible.  Fig.  70-4. 


Using  the  Data 

The  decisions  you  make  based  on  the  sales 
forecast  data  will  help  you  set  the  goals 
and  standards  of  your  corporation.  If  you 
decide  to  make  a high-priced,  high-quality 
lamp,  your  firm  will  have  to  plan  for  high 
standards  in  raw  materials,  production 
processes,  and  production  quality.  All  rules 
set  by  your  corporation  will  be  aimed  at 
producing  this  kind  of  lamp. 


Fig.  70*4.  Computers  can  also  help  management 
find  out  the  amount  of  inputs  needed  to 
start  production  of  new  products. 
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The  data  may  also  be  used  to  tell  you 
what  kind  of  departments  your  corporation 
will  need.  For  a high-quality  lamp,  you  will 
need  more  careful  testing  than  you  would 
for  a low-quality  lamp.  Thus  your  testing 
department  would  have  to  be  more  elaborate 
(complex  and  detailed)  and  more  costly. 

The  same  data  will  also  help  you  and  your 
managers  plan  the  design  of  the  desk  lamp, 
the  engineering  that  will  be  needed,  and  the 
production  details  for  the  lamp.  Fig.  70-5. 

A final  use  of  the  data  is  to  get  working 
capital  (money  for  land,  plants,  machines, 
and  tools) . If  a corporation  is  known  for  mak- 
ing a profit,  then  banks  will  be  willing  to  lend 
it  money  to  buy  more  machines  and  tools. 
Often  if  a corporation  can  show  a sales 
forecast  for  a new  product,  it  can  easily 
sell  more  shares  of  stock.  These  are  ways  to 
keep  a good  business  going.  If  your  corpo- 
ration is  a new  one,  it  must  depend  a great 
deal  on  sales  forecast  data  to  get  the  money 
needed  to  get  started  making  desk  lamps. 


Summary 

There  is  one  major  question  you  and  your 
managers  must  answer : What  kind  of  desk 


Fig.  70-5.  The  reactions  of  consumers  to  material  for 
lomp  shades  will  bo  studied  by  management 
in  order  to  decide  what  materials  to  use. 
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lamp  will  customers  buy,  in  what  quantity, 
at  what  price?  Market  research  must  find 
out  for  you  what  color,  style,  and  perform- 
ance the  buyer  would  like  in  a desk  lamp. 
You  and  your  management  must  compare 
these  data  with  the  cost  of  making  such  a 
desk  lamp.  You  also  need  price  and  sales 
data  on  the  lamps  sold  by  your  competitors. 
You  also  need  sales  forecasts  that  show 
what  kind  of  business  you  might  do  in  the 
future.  Whatever  decisions  you  and  your 
managers  make  about  the  kind  and  quality 
of  desk  lamp  to  make,  you  will  not  be  able  to 
start  making  desk  lamps  to  sell  until  you 
can  study  all  these  data.  Then  you  must 
make  the  best  decisions  you  can,  even  if  you 
must  compromise  between  the  best  design 
for  a desk  lamp  and  the  cost  of  making  it. 


Terms  to  Know 


surveys 

consumers 

economic  data 

inputs 

competitors 

competition 

market  research  teams 

data 


market  analysis 
sales  forecast 
evaluates 
accuracy 
elaborate 
working 
capital 


Think  About  It! 

1.  Look  at  a breakfast  cereal  box.  What 
kinds  of  data  must  the  cereal  manufac- 
turer get  before  he  manufactures  and 
markets  the  cereal  at  the  price  shown  on 
the  box? 

2.  New  products  are  always  being  put  on 
the  market.  Name  a product  now  on  the 
market  that  was  not  heard  of  five  years 
ago  and  suggest  why  this  product  was 
developed. 


Making  a Sales  Forecast 


Involves 


H^Making  decision  to  proceed^ 


Obtaining  Capital, 
Estimating  Profits 
and  Keeping  Records 


Capitalism  is  an  economic  system  in 
which  corporations  (and  other  kinds  of 
business  organizations)  can  form  and  oper- 
ate in  order  to  earn  a profit  (what  is  left 
from  income  after  the  bills  have  been  paid). 
Capitalization  refers  to  the  whole  process 
of  getting  the  money  a business  needs  to  get 
started. 

Many  records  must  be  kept  by  a corpora- 
tion. Some  records  deal  with  economic 
(money)  matters.  Others  deal  with  the  day- 
to-day  work  of  the  corporation. 

In  this  reading,  you  will  learn  auout 
capitalization,  earning  profits,  and  keeping 
corporation  records. 


Definition  of  Capitalization 

In  order  for  any  corporation  to  get  started 
making  products  to  sell,  it  must  have  money. 
Capitalization  is  the  process  of  finding  out 
just  how  much  money  is  needed,  deciding 
where  to  get  it,  and  then  raising  it. 


Sources  of  Capital 

Individuals  and  businesses  can  invest  (put 
money)  in  corporations  in  four  ways.  These 
ways  are  (1)  stock,  (2)  bonds,  (3)  hank 
loans,  and  (4)  short-term  credit.  In  each 
case,  those  who  put  money  into  corporations 
hope  that  their  investment  (money  put  into 
the  corporation)  will  bring  them  a profit. 

Stock  is  the  form  in  which  ownership  of  a 
corporation  is  sold.  The  ownership  is  split 
into  a large  number  of  equal  parts,  called 
shares.  These  shares  are  then  sold  to  raise 
money.  The  investors  (those  who  put  money 


into  corporations)  are  really  buying  part- 
ownership  of  the  corporation  when  they 
buy  shares  of  stock.  These  investors  are 
called  stockholders,  or  shareholders. 

When  a corporation  makes  a profit,  this 
profit  belongs  to  its  stockholders  (share- 
holders). The  board  of  directors  of  the  cor- 
poration may  decide  to  divide  it  among  the 
stockholders.  Profits  earned  by  the  stock- 
holders are  called  dividends. 

Bank  loans  are  another  source  of  working 
capital  (money  needed  to  buy  land,  build- 
ings, tools,  and  machines).  When  money  is 
borrowed  from  a bank,  the  borrower  must 
sign  a note  (loan  agreement).  He  pledges 
(promises)  something  worth  money  as  se- 
curity  (something  that  can  replace  the  loan 
if  it  is  not  paid  back) . A bank  loan  has  to 
be  paid  back  with  interest  (money  paid  to 
borrow  money).  Fig.  71-1.  If  a corporation 


Fig.  71-1.  Bonks  and  other  loon  companies  lend 
money.tp  ge.t  new  corporations  started. 
This  borrowed  money  must  be  paid  back 
with  interest. 
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cannot  pay  back  the  loan,  the  bank  can  take 
over  the  corporation’s  buildings  or  ma- 
chines, or  whatever  was  pledged  as  security 
for  the  loan. 

Bonds  are  not  like  stock.  The  investor 
who  buys  a bond  does  not  own  any  part  of 
the  corporation.  Bonds  are  more  like  bank 
loans.  The  corporation  that  sells  the  bonds 
must  pay  back  the  bondholder’s  money  with 
interest. 

A corporation  can  buy  certain  things  like 
office  supplies,  raw  materials,  tools,  and 
some  machines  on  short-term  credit.  This 
means  that  the  corporation  has  several 
months  to  pay  for  them.  The  corporation 
can,  of  course,  use  these  things  before  it  has 
to  pay  for  them. 


Determining:  Capital  Needs 

In  earlier  readings,  you  learned  how  to 
set  up  your  corporation  to  make  and  sell 
desk  lamps.  Now  you  will  learn  how  to  raise 
the  money  to  get  it  started. 

First  you  should  find  out  how  much  money 
you  will  need  to  start  making  lamps.  Then 
you  subtract  the  amount  you  and  the  rest 
of  the  incorporators  (people  setting  up  the 
corporation)  will  put  into  the  company.  Fig. 
71-2.  The  difference  is  the  amount  of  money 
you  will  have  to  raise  so  that  your  corpora- 
tion will  be  ready  to  start  making  desk 
lamps. 

Suppose  that  you  need  $67,000  for  full 
capitalization  of  your  corporation.  This 
$67,000  will  be  used  to  pay  for  the  follow- 
ing: 


Building 

$22,000 

Plant  Equipment 

15,000 

Office  Equipment 

5,000 

Tools 

4,000 

Furniture 

1,000 

Operating  Funds 

20,000 

Total 

$67,000 

Suppose  that  you  and  the  rest  of  the  in- 
corporators will  put  in  a total  of  $7,000 


from  your  own  savings.  This  means  that 
there  is  still  $60,000  that  must  be  raised. 
You  can  raise  this  money  either  by  borrow- 
ing it  or  by  selling  shares  in  your  corpora- 
tion. 

Suppose  that  you  and  the  rest  of  the  incor- 
porators decide  to  borrow  $20,000  of  this 
$60,000,  and  to  raise  the  rest  of  the  $40,000 
by  selling  400  shares  of  stock  at  $100  per 
share.  Of  course,  an  additional  70  shares  of 
stock  will  be  sold  to  you  and  the  rest  of  the 
incorporators  in  return  for  the  $7,000  you 
all  have  put  into  the  corporation  to  get  it 
started. 


Estimating:  Cost  and  Selling:  Price 

You  should  find  out  now  whether  your 
corporation  can  make  a profit  if  it  makes 
and  sells  desk  lamps.  Can  it  make  enough 
lamps,  and  sell  them  at  a high  enough  price, 
to  pay  its  operating  expenses  (light,  phone, 
and  fuel  bills;  wages  and  salaries;  etc.)? 
Can  it  make  enough  to  pay  the  interest  on 


Fig.  71*2.  Each  incorporator  must  check  carefully  to 
see  how  much  he  can  invest  in  the  new 
corporation.  This  money  will  become  part 
of  the  capital  the  new  corporation  starts 
with. 
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the  $20,000  you  intend  to  borrow?  Can  it 
make  enough  to  pay  dividends  to  the  stock- 
holders who  own  $47,000  worth  of  stock  sold 
to  raise  capital? 

Suppose  a sales  forecast  for  your  corpo- 
ration showed  that  there  would  be  buyers 
for  at  least  6,600  lamps  (and  maybe  as 
many  as  11,000)  at  a price  of  $8  each.  You 
must  next  find  out  how  much  it  will  cost  you 
to  make  lamps  like  these. 

Suppose  you  think  you  can  sell  7,000 
lamps  (somewhere  between  the  lowest  and 
the  highest  figures  in  the  sales  forecast). 
The  cost  of  making  each  of  these  lamps  is 
figured  in  two  steps.  First,  the  labor,  ma- 
terials, and  overhead  costs  for  7,000  lamps 
are  estimated  (predicted)  and  added  to- 
gether : 

Labor  $17,900 

Materials  16,900 

Overhead  10,200 

Total  manufacturing  cost  $45,000 

This  figure  is  divided  by  7,000  to  find  the 
unit  cost  (cost  of  each  lamp) : 


$46,000  total 
manufacturing  cost 
7,000  lamps 


$6.43 

each 


Now  you  use  the  figure  $6.43  as  the  cost 
of  making  each  lamp.  You  subtract  this 
from  the  selling  price  of  the  sales  forecast 
to  find  the  markup.  The  markup  is  the 
amount  of  profit  you  will  make  on  each 
lamp,  if  all  of  your  estimates  of  cost  are 
correct. 

Selling  price  $8.00 

Cost  price  (unit  cost)  -6.43 

Markup  (profit  per  lamp)  $1.67 


Estimating  Gross  and  Net  Profit 

Now  that  you  know  how  much  profit  you 
can  make  on  each  lamp,  you  can  figure  out 
how  much  you  can  make  on  all  the  lamps. 
Fig.  71-3.  To  find  this  gross  profit,  you 


multiply  the  markup  ($1.67  per  lamp)  by 
the  total  number  of  lamps  you  think  you 
can  sell  (7,000). 

Markup  $167 

Sales  forecast  x 7,000 

Gross  profit  $10,990 

Out  of  this  gross  profit  of  $10,990,  the 
corporation  has  to  pay  taxes  and  dividends. 
Suppose  in  your  state  that  corporation, 
state,  federal,  and  local  taxes  will  come  to 
about  one-fourth  of  your  gross  profit.  For 
the  7,000  lamps,  this  will  be  about  $2,800 
(V4  X $10,990  = $2,747.60). 

There  are  other  firms  that  make  and  sell 
lamps.  From  the  profit  statements  they  pub- 
lish, you  may  learn  that  they  usually  pay 
dividends  to  their  stockholders  of  about  9 
percent  on  their  investments.  To  get  people 
to  invest  in  your  new  corporation,  you  will 
need  to  pay  10  percent  (about  1 percent 
more  than  companies  already  in  business). 
Dividends  of  10  percent,  paid  on  $47,000 
worth  of  stock,  will  come  to  $4,700  (10^  x 
$47,000). 


Fig.  71*3.  The  gross  profit  will  be  figured  after  labor, 
material,  and  overhead  costs  have  been 
figured. 
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Your  corporation  would  find  its  net  profit 
(what  is  left  after  taxes  and  dividends 
have  been  paid)  in  this  way : 

Taxes  $2,800 

Dividends  +4,700 

Total  taxes  and  dividends  $7,600 

Gross  profit  $10,990 

Total  taxes  and  dividends  — 7,600 

$ 3,490 

The  $3,490  that  is  left  is  called  the  net  op- 
erating profit. 

Operating  Profit 

Net  operating  profits  are  usually  left  in 
the  treasury  of  a new  corporation  until  they 
are  needed.  Net  profits  can  be  used  to  pay 
higher  wages,  to  buy  more  tools  and  ma- 
chines, or  to  take  care  of  a future  loss.  Net 
profits  cannot  be  used  to  pay  any  of  the  in- 
corporators or  corporation  officers.  They  al- 
ready have  been  paid  salaries  and  as  stock- 
holders themselves,  they  have  already  got- 
ten dividends  from  the  gross  profits.  Only 
stockholders  can  get  any  of  the  net  profits, 
because  the  corporation's  profits  legally  be- 
long to  its  stockholders.  In  your  nev/ 
corporation,  if  the  net  profit  of  $3,490  were 
to  be  paid  out  to  the  stockholders,  it  would 
have  to  be  divided  among  all  of  them. 


Keeping  Records 

All  companies  must  keep  records  (ac- 
counts) of  all  transactions  (sales,  loans, 
purchases,  wages  paid,  etc.)  that  take  place 
as  part  of  doing  business.  Fig.  71-4.  Cor- 
porations spend  a lot  of  time  and  money 
just  keeping  their  large  numbers  of  records 
up-to-date. 

Since  your  new  corporation  is  getting 
ready  to  make  and  sell  desk  lamps,  you  will 
need  records  of  many  facts  and  decisions. 
Some  of  these  will  be  called  business  records. 
There  will  also  be  production  records,  mar- 
keting records,  and  personnel  records. 


Business  Records 

Among  your  business  records  will  be  the 
incorporation  records  of  your  company. 
These  are  like  a birth  certificate.  They  show 
when,  where,  and  by  whom  your  company 
was  started.  They  also  show  how  much 
money  it  had  when  it  started,  what  it  will 
produce,  how  it  will  be  run,  and  who  will 
direct  it.  These  facts  are  set  out  in  the 
charter  and  in  the  minutes  (official  record) 
of  the  meetings  of  the  directors  and  the 
stockholders. 

There  must  also  be  records  of  all  leases 
that  your  corporation  has  signed,  all  real 
estate  it  owns,  and  all  insurance  it  has 
taken  out.  Fig.  71-6.  There  must  also  be  a 
calendar  that  shows  when  the  financial  year 
of  your  company  begins  and  ends.  This  may 
be  quite  different  from  the  regular  calendar 
year.  This  calendar  shows  when  the  board 
of  directors  will  meet,  when  the  stockholders 
will  meet,  and  when  all  business  reports 
must  be  made. 

Another  kind  of  business  record  is  needed 
for  the  bonds  your  corporation  sells.  It  will 
show  when  the  bonds  were  sold,  when  they 
are  due  to  be  paid  off,  how  much  interest 


Fig.  71  >4.  Careful  records  must  be  kept  on  oil 
business  transactions.  A mistake  during 
capitalization  could  ruin  the  new 
corporation. 
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must  be  paid  to  the  bondholders,  and  when 
these  interest  payments  must  be  made. 

Stock  records  for  your  company  must 
show  how  much  stock  your  company  can  sell, 
how  much  of  it  has  already  been  sold,  to 
whom  it  has  been  sold,  when  it  can  sell  new 
stock,  and  how  much  new  stock  is  sold.  A 
record  of  dividends  paid  to  stockholders 
must  be  kept  that  shows  how  much,  to 
whom,  and  when. 

There  are  sales  records,  income  records, 
and  tax  records.  These  are  used  to  make  up 
the  two  basic  financial  statements  of  the 
company.  They  are  (1)  the  profit  and  loss 
sheet  (income  statement)  and  (2)  the  bal- 
ance sheet.  They  show  the  financial  health 
of  the  company,  how  it  has  improved  or  suf- 
fered in  the  last  several  months,  or  what  its 
condition  was  at  some  single  point  in  time. 
Fig.  71-6. 

Production  Records 

Production  records  deal  with  the  details 
of  making  desk  lamps  in  your  company. 
Purchase  records  show  what  materials  have 
been  bought.  Inventory  records  show  what 


Fig.  71*5.  Suppose  this  flood  hod  happened  on 
corporation  property  ond  the  car  was 
owned  by  the  corporotion.  Records  of 
insurance  would  be  needed  so  that  domoge 
claims  could  be  mode  in  the  name  of  the 
corporation. 


materials  are  on  hand,  how  many  partially 
finished  desk  lamps  are  in  process,  and  how 
many  finished  desk  lamps  are  in  stock. 
There  are  also  quality  control  records,  in- 
spection records,  production-rate  records, 
and  records  of  formulas  and  processes  used 
in  making  the  lamps.  See  Fig.  71-7.  In  ad- 


Fig.  71-6.  Business  records  must  be  kept  of  all 

expenses  ond  income.  They  are  needed  to 
make  up  the  Tinoncial  stotements  of  the 
corpo  rosier' 


Fig.  71-7.  Here,  production  data  ore  being  recorded 
and  retrieved  for  use.  This  is  just  one 
example  of  efficient  record-keeping. 
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dition,  there  are  records  of  capital  expendi- 
tures for  production.  These  include  the 
inventory  of  tools  and  machines,  their  main- 
tenance records,  and  the  purchase  or  lease 
records  of  the  land  and  plant  buildings. 


Personnel  Records 

Personnel  records  deal  with  the  people  em- 
ployed by  your  company.  These  records 
show  when  a person  was  hired,  how  much 
training  he  had,  what  kind  of  work  record 
he  had,  what  promotions  he  had,  and  when 
he  retired  or  left  the  company.  They  also 
show  what  wage  he  was  making  when  he 
started  working  for  your  company,  how 
many  raises  he  had  gotten  and  how  much 
they  were,  and  what  wage  he  is  making 
now.  They  also  show  how  much  tax  has 
been  withheld  from  his  paychecks,  and  how 
much  insurance  the  company  is  buying  for 
him.  They  show  the  number  of  sick  days  or 
vacation  days  he  has  coming  to  him,  the 
retirement  benefits  due  him,  and  the  reasons 
he  left  the  company  if  he  no  longer  works 
there. 


Product  Research  and 
Development  Records 

Manufacturers  must  spend  part  of  each 
year’s  profits  looking  for  ways  to  improve 
their  products.  This  means  that  in  your  cor- 
poration, you  will  have  to  spend  part  of 
your  net  profits  for  this  year  looking  for 
ways  to  make  a better  desk  lamp.  You 
might  even  want  to  spend  some  of  these 
profits  on  research  that  may  turn  up  a new 
lighting  product  for  future  production. 


Market  Research  Records 

Market  data  records  show  what  customers 
want  in  a desk  lamp,  how  it  should  work. 


what  it  should  look  like,  and  what  the  price 
should  be. 


Correspondence  Records 

Your  correspondence  records  should  in- 
clude letters,  memos,  and  other  “paper- 
work” that  your  company  does  to  keep  in 
touch  with  its  workers,  its  customers,  and 
its  suppliers  and  wholesalers.  Incoming 
correspondence  can  tell  you  whether  your 
company  is  making  the  best  quality  desk 
lamp,  whether  its  purchases  and  sales  are 
too  high  or  too  low,  or  what  the  attitudes  of 
your  customers  are  toward  your  company 
and  its  product. 


Summary 

Capitalization  means  (1)  finding  out  just 
how  much  money  a corporation  needs  to  get 
started,  (2)  deciding  where  to  get  it,  and 
(8)  raising  it.  Money  will  be  needed  for 
land,  buildings,  tools,  and  machines,  and 
for  operating  expenses  (wages  and  salaries ; 
phone,  light,  and  fuel  bills ; raw  and  stand- 
ard stock  materials;  etc.). 

A corporation  can  raise  money  by  selling 
shares  of  stock.  These  are  really  shares  of 
ownership  in  the  corporation.  It  can  also 
borrow  money  from  a bank,  if  the  incorpora- 
tors pledge  security  for  the  loan.  It  may  be 
able  to  borrow  money  from  investors  by  sell- 
ing bonds.  Borrowed  money  must  always  be 
paid  back  with  interest  to  banks  or  interest 
to  stockholders. 

Many  different  kinds  of  records  must  be 
kept  by  a corporation.  Some  of  these  are 
kept  because  of  state  and  federal  laws. 
Others  are  kept  so  that  the  corporation  will 
know  where  it  stands  financially.  Still  others 
are  kept  in  order  to  keep  track  of  produc- 
tion, personnel,  and  product  and  market  re- 
search data. 
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Terms  to  Know 


capitalism 

profit 

capitalization 

economic 

invest 

stock 

bonus 

bank  loans 

short-term  credit 

investment 

shares 


incorporators 

operating  expenses 

estimated 

unit  cost 

markup 

gross  profit 

net  profit  (net  operating 
profit) 
records 
transactions 
business  records 


investors 
shares  of  stock 
stockholders 
(shareholders) 
dividends 
capital 
note 
pledges 
security 
interest 

production  records 


marketing  records 
personnel  records 
minutes  ' 
financial  year 
profit  and  loss  sheet 
(income  statement) 
balance  sheet 
capital  expenditures 
market  data  records 
correspondence  records 
financial 


Think  About  It! 

1.  Your  corporation  wants  to  borrow  money 
to  manufacture  desk  lamps.  You  have 
been  given  the  job  of  finding  organiza- 
tions that  might  want  to  lend  your  cor- 
poration the  money  it  needs  to  get  started. 
Where  would  you  look  to  find  the  names 
of  lending  organizations  in  your  town  or 
city?  List  some  of  the  ones  you  find. 

2.  Look  in  the  financial  (business)  section 
of  your  newspaper. 

a.  List  three  corporations  that  are  try- 
ing to  raise  money  through  the  sale  of 
bonds. 

b.  List  three  corporations  that  are  try- 
ing to  raise  money  through  the  sale  of 
stock. 
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-Selling  stock 
-Borrowing  from  bank 
-Selling  bonds 


of 

-Business 
-Production 
•Personnel 
-Product  R & D 
-Market  Research 
-Correspondence 


$ Capital 

Total  Manufacturing  Cost 

} $ Gross  and  Net  Profit 
I — Taxes  and  Dividends 

k $ Net  Operating  Profit 

♦ 

Stockholders 
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Locating  the  Plant 
and  Securing  Inputs 


In  earlier  readings,  you  learned  that  you 
must  get  six  basic  inputs  in  order  to  manu- 
facture products.  These  inputs  are  (1)  nat- 
ural resources,  (2)  energy,  (3)  capital 
(tools,  machines,  etc.),  (4)  finance  (money 
or  working  capital),  (5)  human  resources, 
and  (6)  knowledge. 

In  this  reading,  you  will  learn  how  to 
choose  the  inputs  that  you  need  to  make 
desk  lamps,  especially  the  human  and  fi- 
nancial inputs.  You  will  also  learn  how  to 
choose  the  best  location  for  the  plant  in 
which  you  are  going  to  use  all  these  inputs 
to  make  desk  lamps.  Fig.  72-1. 


To  Make  or  Buy  Components? 

One  of  the  first  questions  you  and  your 
managers  must  answer  is  this:  Should  we 
make  the  different  components  (parts)  we 


need  to  make  desk  lamps?  Or  should  we 
buy  them  already  made  from  other  com- 
panies? Your  answer  will  be  most  important. 
You  will  need  it  to  figure  out  the  amount  of 
money  you  need  (to  buy  land,  buildings, 
tools,  and  machines).  Y^ou  will  need  it  to 
figure  out  the  size  and  kind  of  plant  you 
need.  You  will  also  need  it  to  figure  out  the 
type  and  number  of  workers  you  need  to 
run  the  plant.  Until  you  decide  whether  to 
make  parts  or  buy  them,  you  won’t  be  able 
to  pick  the  best  place  to  locate  your  plant. 
Fig.  72-2.  To  decide  whether  to  make  or  to 
buy  parts,  you  need  answers  to  the  follow- 
ing important  questions : 

1.  Can  your  corporation  make  the  parts 
more  cheaply  than  it  can  buy  them  al- 
ready made  from  someone  else? 

2.  Does  someone  else  already  make  these 
parts?  If  so,  can  we  get  them  now? 

3.  Can  we  always  buy  these  parts,  even 
at  much  later  dates? 


Fig.  72*1.  A number  of  possible  plant  locations  can 
be  seen  here.  The  choice  of  any  one 
of  them  depends  on  a number  of  factors. 


Fig.  72-2.  Until  the  plant  location  is  found,  the 

corporation  planners  cannot  start  to  get 
all  of  the  inputs  needed  to  manufacture 
their  product. 
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The  first  question  deals  with  the  cost  of 
manufacturing,  the  second  with  availability, 
and  the  third  with  continued  availability. 

Suppose  your  corporation  has  decided  to 
buy  some  of  these  parts  for  desk  lamps  from 
other  companies,  rather  than  get  all  the  raw 
and  standard  stock  materials  and  make  all 
the  parts  in  your  own  plant  The  rest  of  the 
parts  will  be  made  in  your  own  plant  from 
standard  stock  materials.  All  of  these  parts 
will  then  be  assembled  (put  together)  in 
the  plant  What  must  you  think  about  when 
you  are  looking  for  the  best  place  to  locate 
your  plant?  To  answer  this  question,  you 
need  a list  of  all  the  inputs  you  will  use  to 
make  desk  lamps  to  sell. 


Inputs  to  the  Product  and  Plant 

The  natural  resources  input  will  be  the 
standard  stock  materials  and  the  parts  (al- 


Fig. 72-3.  Good  ways  of  moving  por.s  and  mofetials 
ore  needed  in  modern  manufacturing.  The 
nearness  of  highwoys  and  railroads  may 
decide  the  plant  location. 


ready  made)  that  you  buy  from  other  corn* 
panies  (actually,  these  inputs  are  no  longer 
natural  resources) . Therefore  you  will  want 
to  be  as  near  as  you  can  to  the  vendors 
(sellers)  of  these  products.  This  will  cut 
down  transportation  (moving)  costs  and 
speed  up  delivery  of  the  vendors*  products. 

You  will  also  need  to  be  near  good  ways 
to  ship  your  desk  lamps  to  your  customers. 
Therefore  you  will  n«*ed  data  on  motor 
freight  (trucking),  railway  freight  (Fig.  72- 
3),  air  freight  (Fig.  72-4),  and  water  freight 
services. 

You  will  need  to  be  near  a cheap  source 
of  power.  You  will  need  it  to  heat,  cool, 
and  light  your  plant,  warehouse,  and  offices. 
You  will  also  need  it  to  run  all  the  machines 
in  your  buildings. 

You  should  also  figure  out  what  your  con- 
stmction  (building)  costs  will  be  in  any 


Fig.  72-4.  Air  freight  is  another  way  to  move  ports 
and  pro(iucts  tocioy.  Many  corporations 
use  this  means  for  getting  their  proiJucts 
to  their  customers. 


/f:  ^ 

**oo 


452 


The  World  of  Manufacturing 


place  you  may  be  thinking  about,  Fig.  72*5. 
Building  costs  differ  from  one  part  of  the 
country  to  another.  This  will  affect  your 
need  for  working:  capital. 

Often  there  are  local  or  state  laws  that 
control  what  kind  of  plant  you  can  build 
and  what  kind  of  product  you  can  make.  If 
such  laws  exist,  how  will  they  affect  your 
corporation?  Some  of  these  laws  may  pro- 
hibit (forbid)  certain  kinds  of  construction 
and  certain  kinds  of  manufacturing. 

Can  you  get  tools  and  machines  easily? 
Will  they  have  to  be  shipped  all  the  way 
across  the  country? 

These  questions  need  answers  if  your 
plant  is  to  be  located  so  that  the  desk  lamps 
can  be  made  at  the  lowest  cost  and  earn  the 
highest  profits. 


Additional  Factors  Concerning 
Plant  Location 

The  plant  should  be  located  near  the 
markets  where  the  desk  lamps  will  be  sold. 
This  way  you  can  keep  your  shipping  cost 
very  low.  The  tax  structure  there  is  very 
important.  High  taxes  mean  high  costs.  You 
should  look  for  tax  exemptions  (freedom 
from  paying  taxes)  and  the  use  of  free  land 
that  are  sometimes  given  to  new  businesses 
in  some  places.  Some  towns  and  cities  make 
such  offers  just  to  get  more  new  businesses. 
These  in  turn  will  give  more  jobs  to  the  lo- 
cal people. 

You  should  find  out  what  attitude  the 
people  in  these  towns  and  cities  have  to- 
ward manufacturing.  Will  there  be  enough 
people  to  hire?  Will  they  want  to  work  in 
your  corporation?  Will  the  local  and  state 
governments  be  helpful?  Is  the  town  or  city 
friendly?  Do  the  people  there  want  new 
manufacturing  companies,  or  do  they  try  to 
keep  them  out? 

What  are  living  conditions  like  in  these 
towns  and  cities?  Are  there  enough  good 
houses,  schools,  churches,  shopping  centers, 
and  recreation  areas?  Is  there  good  weather 
for  pleasant  living  for  the  workers  and  their 


Fig.  72-5.  The  kind  of  ploni  you  need  depends  on 
what  Type  ond  how  much  manufacturing 
you  do.  Of  course,  the  corporation  must 
moke  sure  that  oil  of  the  plant  buildings 
meet  the  building  and  safety  codes  of  the 
town  or  city  they  ore  focoted  in. 


families?  If  the  living  conditions  aren’t  good 
enough,  skilled  workers  from  other  parts  of 
the  counby  won’t  come  there  to  work. 

Your  corporation  will  need  to  be  near 
knowledge  resources  if  it  is  to  succeed.  You 
can  sometimes  get  special  help  from  univer- 
sities and  research  centers  if  it  is  needed. 
Nearness  to  such  centers  of  learning  will 
make  it  easier  to  get  this  kind  of  help. 

Finally,  some  parts  of  the  country  might 
be  less  attractive  to  investors  than  others. 
For  instance,  rural  areas,  rather  than  towns 
and  cities,  are  more  likely  to  be  rejected  by 
investors  as  good  places  to  locate. 


Securing  Personnel 

The  human  input  is  the  single  most  im- 
portant input.  Without  people  to  run  it,  the 
finest  plant  in  the  country  with  all  the  other 
inputs  it  needs  just  cannot  run  by  itself.  ’The 
people  who  are  in  charge  of  locating  the 
plant  must  find  out  what  types  of  workers 
are  needed,  how  many  of  these  there  are. 
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and  where  they  are.  If  skilled  workers  are 
needed  but  are  not  living  in  the  location 
picked  out,  then  local  people  must  be 
trained  to  do  the  skilled  jobs,  Fig.  72*6. 
Those  in  charge  of  finding  the  best  loca- 
tion for  your  plant  must  also  find  out  what 
the  wage  rates  are  in  all  the  places  they 
have  picked  out  They  must  also  find  out 
what  kinds  of  training  schools  there  are,  and 
how  the  local  people  feel  about  working 
and  going  to  school  to  learn  new  skills. 

There  are  several  ways  to  get  workers  for 
the  new  plant  when  hiring  starts.  The  most 
common  ways  are  through  newspaper  want- 
ads,  employment  agencies,  and  trade  jour- 
nals, Fig.  72-7.  Trade  journals  are  often  used 
to  get  management  workers. 

After  all  decisions  about  the  plant  loca- 
tion and  size,  the  number  and  kind  of  work- 
ers, and  all  other  inputs  have  been  made, 
your  corporation  is  ready  to  get  the  finan- 
eial  (money)  input 

Obtaining  the  Financial  Input 

The  most  common  way  to  get  money  for 
a corporation  is  to  sell  stock.  There  are  two 


Fig.  72-6.  The  input  of  knowledge  can  come  through 
on-the-job  training,  or  through  training 
outside  the  corporation. 


kinds  of  corporation  stock.  They  are  (1) 
common  stock  and  (2)  preferred  stock. 
Common  stock  gives  the  stockholders  the 
right  to  share  in  the  profits  of  the  corpora- 
tion. They  have  the  right  to  check  its 
books.  They  have  the  right  to  vote  for  di- 
rectors. They  also  have  the  right  to  buy 
more  shares  when  they  are  offered  for 
sale.  If  the  corporation  is  dissolved  (ended), 
common  stock  owners  have  a share  in  the 
property  of  the  corporation,  if  there  is  any 
left  over  after  all  of  its  debts  (bills)  have 
been  paid. 

Preferred  stock  usually  pays  a fixed  divi- 
dend to  its  owner.  That  way,  the  preferred 
stockholder  is  sure  of  getting  his  share  of 
the  profits  before  any  dividends  are  paid  to 
the  owners  of  common  stock.  If  there  aren’t 
any  profits  to  be  shared,  then  none  of  the 
stockholders  will  get  any  dividends.  In  some 
states,  the  owner  of  preferred  stock  does  not 
have  a vote  in  corporation  matters,  as  the 
owners  of  common  stock  do. 


Borrowing  Money 

The  corporation  can  also  raise  money 
through  the  sale  of  bonds.  Bonds  are  cer- 
tificates, given  in  return  for  money,  which 


Fig.  72*7.  No  business  can  run  without  people.  They 
may  be  hired  through  newspaper  v/ant  ads, 
employment  agencies,  and  trade  journals. 
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pay  the  holder  a fixed  rate  of  interest  on  his 
money.  Bondholders  must  be  paid  in  full 
before  any  stockholders  are  paid.  Unlike 
stock,  bonds  have  a maturity  date  (date  on 
which  the  full  amount  of  the  bond  must  be 
paid  to  the  holder).  Bondholders  must  be 
paid  regularly,  but  stockholders  are  paid 
only  when  there  are  profits  to  be  shared 
with  them.  A bond  does  not  give  its  holder 
any  ownership  in  the  corporation.  Therefore 
he  does  not  have  a vote  in  corporation  mat- 
ters. This  is  not  true  if  the  corporation  fails 
to  pay  the  bondholders.  Then  they  may  vote 
on  corporation  matters. 

A third  way  to  raise  money  to  run  a cor- 
poration is  by  notes.  A note  is  a paper 
promising  to  pniy  back  money  borrowed 
from  banks,  insurance  companies,  and  other 
loan  companies.  Notes  must  usually  be  paid 
back  in  a rather  short  time.  Thus  they  are 
used  to  buy  things  like  parts  and  standard 
stock,  because  these  can  be  quickly  turned 
into  a finished  product  and  sold.  The  sale 
of  the  product  makes  profits  to  pay  off  the 
notes.  As  long  as  they  pay  back  these  notes 
on  time,  corporations  usually  have  no  tanu* 
ble  getting  new  ones  when  they  need  them. 


Fig.  72-8.  PlenTy  of  parking  spoce,  good  highwoys, 
and  nearby  railroads  make  this  place  a 
very  good  location  for  a manufacturing 
plant. 


Summary 

Choosing  the  place  to  locate  a manufac- 
turing plant  is  very  important  if  the  greatest 
amount  of  profit  is  to  be  gotten  from  the 
sale  of  the  product  Once  the  needed  inputs 
are  listed,  it  is  the  job  of  the  corporation  to 
pick  a plant  location,  hire  workers,  and  get 
parts  and  raw  materials  of  the  best  quality 
at  the  lowest  cost  It  is  likely  that  some  in- 
puts will  be  cheaper  at  one  location  than 
at  another.  All  these  costs  must  be  studied 
so  that  the  best  location  for  the  plant  can  be 
picked. 

The  cost  of  taxes  and  moving  parts  and 
materials  will  probably  be  higher  over  the 
years  than  the  cost  of  moving  people  to  the 
plant  location.  Also,  the  cost  of  moving  the 
finished  products  to  places  where  they  will 
be  sold  must  be  thought  of  in  picking  the 
best  location  for  the  plant.  Fig.  72-8. 

Terms  to  Know 

inputs 

natural  resources 
energy 
capital 
finance 

human  resources 
knowledge 
components 
cost  of  manufacturing 
availability 
continued  availability 
assembled 
vendors 

Think  About  It  t 

1.  In  your  community,  there  are  inputs  that 
might  bring  new  manufacturing  plants  in 
to  locate  there.  Name  three  specific  inputs 
of  each  kind  listed  below ; 

a.  natural  resources, 

b.  energy,  and 

c.  human  resources. 

2.  What  are  some  inputs  your  community 
may  not  have  that  manufacturers  would 
need  in  order  to  locate  there? 


transportation 

motor  freight 

construction 

prohibit 

tax  exemptions 

financial 

common  stock 

preferred  stock 

dissolved 

debts 

bonds 

maturity  date 
notes 
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Factors  Affecting 
Plant  Location  and 
the  Securing  of  Inputs 


-Natural  resources 
“Energy 
-Capital 
-Finance 

-Human  Resources 
^Knowledge 
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Suppose  that  your  corporation  has  been 
set  up  and  you  have  located  your  plant  to 
make  and  sell  desk  lamps.  Now  you  are 
ready  to  start  to  design  and  engineer  the 
desk  lamps.  You  must  plan  every  detail  of 
your  lamp  before  you  can  start  to  make  any. 
You  must  be  sure  that  it  will  sell  as  well  as 
other  lamps  like  it.  It  should  be  as  well- 
made  as  the  others  are.  Its  price  should  not 
be  higher  than  theirs  are. 

To  design  your  lamps,  you  will  need  a 
number  of  specialists.  These  will  include 
some  of  your  top  management.  A large  cor- 
poration will  usually  hire  its  own  staff  of 
product  designers,  design  engineers,  drafts- 
men, model  makers,  and  artists.  A small 
corporation  may  find  it  cheaper  to  hire  these 
people  from  design  consultant  firms.  The 
design  specialists  will  work  closely  with 
your  product  engineers  and  top  manage- 
ment, Fig.  73-1.  Together  they  will  plan 


Fig.  73-1.  Product-design  specialists  work  closely 
with  production  engineers  and  top 
management  to  plan  a new  product.  . 


Designing 
and  Engineering 
the  Product 


what  tsrpe  of  desk  lamp  you  will  make,  how 
it  will  work,  and  how  much  it  will  cost  to 
make.  They  also  will  decide  on  its  size, 
weight,  and  safety  features.  They  will  use 
survey  data  gotten  by  your  market  research 
team  to  help  them  make  some  of  these  de- 
cisions. 

Designing  and  Engineering 

Your  marketing  and  top  management 
people  will  also  study  the  consumer  data 
survey.  They  will  make  decisions  based  on 
these  data.  Then  they  will  send  directives 
(instructions)  to  the  designers  and  engi- 
neers that  will  tell  them  how  the  lamp  is  to 
be  made.  The  product  designers  will  start 
with  these  directives.  They  will  use  them  to 
develop  your  desk  lamp. 

Suppose  you  have  asked  your  designers 
and  engineers  to  design  a high-intensity 
desk  lamp.  This  lamp  will  be  one  that  can 
be  used  at  a desk  for  reading  and  writing, 
at  a sewing  table  for  making  clothes,  or  at 
a workbench  for  close  hand-and-eye  work. 

Your  designers  will  have  to  make  many 
decisions  before  they  choose  the  final  de- 
sign of  the  lamp.  For  instance,  will  the  lamp 
use  a voltage  of  6,  12,  or  110  volts?  If  a 33- 
cent  selenium  diode  is  used  with  a 110-volt 
lamp,  they  can  use  a bulb  with  two  levels 
of  light  intensity.  But  the  110-volt,  high- 
intensity  bulb  and  its  socket  cost  more 
than  those  needed  for  a lower- voltage  lamp. 
If  the  lamp  is  to  use  6 or  12  volts,  then  a 
stepdown  transformer  must  be  used  to  re- 
duce the  line  voltage  (electric  pressure  that 
comes  into  the  lamp  from  the  household 
outlets).  The  cost  of  the  transformer  (about 
$2.60)  would  need  to  be  weighed  against 
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the  longer  bulb  life  you  would  get  with  the 
lower  voltage. 

Cost  is  not  the  only  thing  to  think  of  in 
picking  the  components  (parts)  to  be  used 
in  the  lamp.  Efficiency  (how  well  the  lamp 
will  work)  and  illumination  (how  much 
light  the  lamp  will  give)  must  be  kept  in 
mind  for  each  lamp  design.  For  instance, 
the  illumination  and  efficiency  of  6-volt,  12- 
volt,  and  110-volt  high-intensity  lamps  must 
be  figured  out  for  reading  at  a desk,  for  sew- 
ing at  a table,  and  for  working  at  a work- 
bench. 

The  type  of  power  unit  used  in  the  lamp 
not  only  affects  the  cost  and  techniques 
used  to  make  it,  but  its  exterior  (outside) 
design  and  shape  as  well.  A transformer 
needs  more  space  in  the  lamp  base  than  a 
tiny  selenium  diode.  Since  a transformer  is 
heavy,  a small  base  can  be  used  to  hold  the 
lamp  up.  A small  base  can  be  used  in  a 
slim,  modem  design.  But  a lamp  that  uses 
a lightweight  diode  will  need  a broad  or 
heavy  base  to  hold  up  the  lamp. 

In  their  directives,  top  managers  have 
sent  cost  figures  to  the  designers.  They  will 
use  these  figures  to  help  them  decide 
whether  the  lamp  will  have  a flexible,  tele- 
scoping stem  or  a rigid  stem.  The  cost  fig- 
ures will  also  help  them  decide  how  the 
lamp  will  be  finished  (painted,  anodized, 
etc.).  They  will  be  able  to  decide  what 
kind  of  standard  stock  to  use  (wood,  plastic, 
steel,  etc.).  They  will  be  able  to  decide 
whether  to  use  a transformer  or  a diode  as 
the  power  unit  in  the  lamp  base.  Each  of 
these  decisions  will  be  based  on  cost  and 
technical  data. 


Making  Drawings,  Models, 
and  Prototypes 

The  directives  from  your  top  managers 
will  help  your  designers  to  make  sketches 
and  drawings,  Fig.  73-2.  Models,  mock-ups, 
and  prototypes  will  be  made  from  these. 
Fig.  73-3.  Alternate  designs  will  also  be 
made.  Rough  mock-ups  may  be  made  to 


Fig.  73-2.  Mony  sketches  and  drowings  will  be  mode 
before  a design  solution  is  chosen. 


Fig.  73-3.  Models,  mock-ups,  and  prototypes  will  be 
mode  from  drawings.  These  will  help  to 
check  the  design  of  the  product  and  get 
rid  of  costly  mistokes  before  production 
starts. 

check  some  features  of  the  lamp.  Models 
and  prototypes  may  be  made  after  the 
mock-ups  have  been  checked. 

Your  product  designers  and  engineers  will 
study  these  models  and  prototypes.  They 
will  check  their  safety,  their  working  parts, 
their  ease  of  assembly  (joining  parts  to- 
gether), and  their  cost.  The  prototype  will 
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be  a realistic  model  of  what  the  lamp  will 
look  like.  It  will  be  easier  to  see  the  need 
to  change  something  in  the  way  the  lamp 
looks  or  works  if  there  is  a realistic  model 
to  look  at  If  problems  can  be  found  out  in 
the  model,  you  can  avoid  costly  mistakes 
during  production. 


Translating  the  Desi^  Solution 

After  the  drawings  and  models  have  been 
made,  your  product  engineers  and  design- 
ers will  meet  with  your  top  management  to 
choose  the  design  that  will  be  used  to  make 
the  lamps.  Your  top  managers  may  approve 
a design,  or  they  may  ask  for  it  to  be  modi- 
fied (changed)  in  some  way.  Fig.  73-4.  If 
there  are  any  changes,  the  modified  design 
will  be  brought  to  another  meeting  to  be 
approved. 

After  the  design  has  been  approved,  your 
engineers  will  use  it  to  make  up  de- 
tailed working  drawings,  a production  pro- 
totype, specifications,  and  production  sched- 
ules. These  data  will  be  used  in  several 
ways.  Fig.  73-5. 

Draftsmen  make  detailed  working  draw- 
ings that  show  several  views  of  the  lamp 
and  its  dimensions  (sizes).  These  drawings 
also  list  and  describe  all  its  parts  in  detail. 
The  working  drawings  are  used  to  build  the 
production  prototype  and  to  plan  produc- 
tion schedules.  Technical  writers  use  these 
drawings  to  write  specifications  and  prepare 
instruction  manuals,  service  data  for  repair- 
men, and  advertising  materials  for  dealers. 

Besides  designing  the  desk  lamp,  your  de- 
signers will  also  make  sketches  of  the  pack- 
ages in  which  the  lamps  will  be  shipped  or 
displayed.  These  packages  are  often  made 
by  a firm  that  designs  and  makes  contain- 
ers for  other  firms.  Your  own  designers  may 
make  the  package  design,  or  they  may  only 
suggest  some  ideas  for  it  to  the  designers 
who  work  for  the  container  firm.  Whatever 
way  it  is  done,  the  package  is  designed  be- 
fore you  start  to  produce  the  lamps. 

i^/.O 


Planning  Production  Schedules 

The  product  desig^iers  and  engineers  may 
help  to  plan  production  schedules.  If  they 
are  needed,  they  will  go  on  working  with 
your  production  planners  even  after  you 


Rg.  73-4.  This  is  on  over-fhe-shoulder  view  of  o 
design  solufion.  If  is  now  ready  for 
monogemenf  fo  opprove  if.  Producf 
engineers  will  then  make  up  detailed 
working  drawings  from  if  for  production 
people  to  use. 


Fig.  73-5.  Much  data  will  be  used  by  engineers 

before  they  finally  decide  which  parts  will 
be  used  in  the  final  producf. 
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have  started  to  produce  the  lamps.  If  prob- 
lems come  up  during  production,  they  will 
also  work  with  the  inspection  and  quality- 
control  staff  to  decide  on  wasrs  to  chan^  the 
design  of  the  lamp. 

Time  is  important  in  making  any  product 
Your  product  engineers  will  help  your  top 
management  decide  how  long  it  will  take  to 
plan  and  design  the  lamp.  They  will  also 
help  top  management  decide  how  long  it 
will  take  to  get  the  parts,  standard  stock, 
machines,  tools,  and  trained  workers  you 
will  need  to  make  the  lamps.  They  will  also 
work  to  get  the  plant  set  up  to  produce, 
package,  and  ship  the  lamps  to  the  places 
where  they  will  be  sold. 

Before  you  start  to  make  the  lamps,  your 
production-line  foremen  and  a few  key  pro- 
duction-line workers  must  meet  to  decide 


Rg.  73-6.  Producfion-line  foremen  go  right  to  work 
to  find  out  what  tools,  machines,  and 
production  processes  will  be  used  as  soon 
as  they  get  working  drawings  from  the 
product  engineers. 


what  machines,  tools,  and  processes  will  be 
used  to  make  the  lamp.  Fig.  73-6.  Produc- 
tion-line workers  can  often  see  ways  to  solve 
problems  that  might  come  up  only  after  you 
started  to  make  the  lamps.  This  way,  you 
can  avoid  costly  time  delays  later  on. 

Your  production  engineers  must  decide 
what  machines,  tools,  and  workers  will  be 
used  to  make  the  lamps.  They  will  make  up 
production  flowcharts  and  lists  of  equip- 
ment and  material  needs  along  with  details 
of  how  much  time  will  be  needed  to  work 
with  them.  These  data  will  be  used  to  get 
the  plant  set  up  to  make  lamps.  They  will 
also  be  used  to  order  the  right  number  of 
parts  that  will  be  needed  at  each  assembly 
point.  Most  of  these  decisions  are  based  on 
the  number  of  lamps  that  must  be  made  to 
meet  shipping  and  sales  schedules. 


Securing  the  Components 

Getting  the  components  (parts)  you  need 
to  make  the  lamps  is  a job  for  your  manag- 
ers. For  instance,  suppose  that  your  product 
engineers  have  decided  what  lamp  parts 
will  be  needed.  Now  they  must  help  your 
production  managers  decide  whether  it  will 
be  cheaper  and  quicker  to  make  the  parts 
or  to  buy  them.  Since  your  plant  will  prob- 
ably not  make  all  the  parts  you  need,  you 
must  order  some  of  them  from  other  plants. 


Summary 

Through  designers  and  engineers,  your 
idea  for  a desk  lamp  can  become  real.  Your 
designers  must  solve  problems  of  the  shape, 
size,  and  looks  of  the  desk  lamp.  Your  engi- 
neers must  solve  problems  of  how  the  lamp 
will  work.  For  instance,  details  of  the  elec- 
trical parts  of  the  lamps  must  be  worked  out 
before  you  can  start  to  produce  them.  Every 
technical  detail  of  manufacturing  the  lamps 
must  be  spelled  out.  Your  next  step  is  to  get 
the  plant  set  up  to  start  producing  the 
lamps. 

m m 
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Terms  to  Know 


Think  About  It! 


directives 

line  voltage 

components 

efficiency 

illumination 

exterior 

sketches 

drawings 

models 


mock-ups 

prototypes 

assembly 

modified 

detailed  working  drawings 
production  prototype 
production  schedules 
specifications 
dimensions 


1.  Look  through  today’s  newspaper  and 
pick  out  the  product  which  you  think  was 

a.  the  hardest  to  design  and  engineer. 

b.  the  easiest  to  design  and  engineer. 

2.  Briefly  explain  why  you  picked  the  prod- 
ucts you  did  for  Question  #1. 


Designing  and  Engineering 
the  Product 


Making  drawings, 
models,  and 
protot^s 

I 

Translating  the  design  solution 
into  working  drawings,  production 
prototypes,  and  specifications 

, V ~i 

Planning  production 
schedules 

I 


Securing  the  components 


Planning 

Production 

Processes 


Every  production  process  (way  of  mak- 
ing a certain  number  of  a certain  kind  of 
product  in  a certain  length  of  time)  must 
be  planned  so  that  each  one  will  be  done 
at  the  least  cost  and  in  the.  best  possible 
way.  What  must  your  corporation  think 
about  before  you  can  get  your  plant  set  up 
to  make  desk  lamps?  Who  is  in  charge  of 
this  job?  How  will  he  decide  what  process 
is  the  best  and  the  cheapest  way  to  do  each 
production  job?  In  this  reading,  you  will 
leam  some  of  the  answers  to  these  questions. 


Production  Planning 

By  the  time  you  have  reached  this  reading, 
your  corporation  to  make  and  sell  desk 
lamps  has  been  set  up.  You  have  picked 
your  plant  site  (location).  Your  specialists 
have  designed  and  engineered  the  desk  lamp 
you  will  make  and  sell.  Your  management 
knows  what  the  desk  lamps  will  look  like. 
They  know  how  the  lamp  is  supposed  to 
work.  They  know  what  materials  it  is  to  be 
made  from.  They  know  what  parts  will  be 
bought  and  what  parts  will  be  made  in  the 
plant.  They  know  how  much  it  should  cost 
to  make  each  lamp. 

Production  planning  means  to  decide  on 
and  set  up  the  machines,  tools,  workers,  and 
materials  you  need  to  make  a certain  num- 
ber of  lamps  at  a certain  unit  cost  (cost 
of  each  lamp)  by  the  time  they  are  needed. 
The  production  goal  of  your  company  has 
been  set  at  7,000  lamps.  They  are  to  be 
made  at  a unit  cost  of  $6.43.  They  should 
be  ready  for  sale  in  one  year. 

Your  production  planner  (person  in 
charge  of  planning  every  process  to  be 


done  in  the  plant)  must  keep  in  mind  three 
main  factors  as  he  plans  each  process.  They 
are  (1)  volume  (total  number  of  lamps  to 
be  made),  (2)  cost,  and  (3)  time.  Each  of 
these  three  affects  the  other  two.  For  in- 
stance, if  cost  did  not  matter,  the  planner 
could  ask  for  any  equipment  he  wanted,  no 
matter  how  much  it  cost.  If  volume  didn’t 
matter,  he  could  use  very  slow  machines 
that  didn’t  cost  much  to  buy.  Therefore  his 
job  is  to  choose  a combination  of  men,  ma- 
chines, tools,  materials,  and  techniques  so 
that  your  plant  can  make  at  least  7,000 
lamps  a year  at  a cost  of  no  more  than 
$6.43  each.  Fig.  74-1. 


Fig.  74-1.  The  production  planner  is  in  charge  of 

plonning  every  process  to  be  done  in  the 
plont.  He  must  moke  sure  that  the  moteriols 
come  into  the  plont,  move  through  it,  ond 
come  out  os  finished  products  in  the  best 
possible  way. 
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Production  Planning  Personnel 

iVlany  people  work  in  planning  every 
production  process.  Some  of  their  job  titles 
and  duties  are  given  here. 

Manufacturing  engineer.  This  person  is 
in  charge  of  planning  every  process  to  be 
done  in  the  plant.  He  is  sometimes  called 
a process  planner,  a process  engineer,  a 
production  engineer,  or  a production  expe- 
diter. As  you  read  more,  you  will  under- 
stand why  any  one  of  these  titles  would  be 
correct. 

Methods  engineer.  This  man  studies  ways 
of  doing  each  production  job.  He  tries  to 
make  each  one  as  simple  as  possible.  He 
tries  to  find  the  best  possible  way  to  do  each 
job  at  the  lowest  possible  labor  cost,  Fig. 
74-2. 

Work-measurement  engineer.  This  man 
studies  the  time  and  motions  it  takes  to  do 
each  production  job.  He  finds  out  exactly 
how  much  work  a person  can  do  in  a certain 
amount  of  time  on  a certain  job.  His  data 
can  help  the  methods  engineer  to  find  the 
best  possible  ways  to  do  these  jobs. 

Tool  engineer.  This  man  picks  the  tools  to 
use  with  specific  machines.  He  also  works 


Fig.  74-2.  The  methods  engineer  will  study  all  the 

production  jobs  in  the  plant.  He  will  try  to 
find  the  best  possible  ways  to  do  each  one. 


with  the  process  planner  on  tooling  costs. 
Once  the  plant  has  started  to  make  lamps, 
he  is  in  charge  of  tool  control  and  tool 
maintenance  (upkeep). 

Cost  estimator.  If  management  must 
choose  behveen  two  ways  to  do  a job,  the  cost 
estimator  is  the  man  who  studies  each 
process  to  find  out  how  much  it  costs.  One 
process  may  use  more  labor  than  the  other. 
The  second  one,  although  it  may  use  less 
labor,  may  use  more  material  because  some 
is  wasted.  He  figures  out  which  process  will 
cost  less  to  do  when  your  company  is  mak- 
ing 7,000  lamps.  Figs.  74-3  and  74-4. 

All  these  specialists  give  your  process 
planner  data  that  he  needs  to  plan  every 
production  process.  They  all  work  together 
on  production  problems.  They  make  their 
decisions  based  on  their  wide  range  of  knowl- 
edge and  experience. 


Types  of  Processes 

What  is  a process?  It  can  be  any  series 
of  steps  that  are  needed  to  make  a product. 
Processes  that  may  be  used  in  making  a 
lamp  include  the  following: 

Forming.  In  forming,  standard  stock  ma- 
terial is  given  the  basic  shape  of  a part  that 
is  needed.  For  instance,  in  a forming  proc- 
ess called  casting,  melted  iron  is  poured 
into  a sand  mold  and  allowed  to  cool. 
The  casting  might  have  the  basic  shape  of 
the  lamp  base. 

Separating.  If  one  of  the  lamp  parts  has 
to  be  threaded,  the  job  would  mean  remov- 
ing (taking  off)  a little  of  the  metal  from 
the  part.  Stamping  out  a lamp  shade  from 
sheet  metal  would  also  be  a separating 
process. 

Drilling  refers  to  a process  for  making  a 
hole.  There  are  many  tools  for  hand- 
drilling, and  many  others  for  production- 
line drilling. 

Grinding  might  be  needed  to  remove  the 
rough  edges  from  a formed  part  and  thus 
bring  it  down  to  the  right  size.  Both  drilling 
and  grinding  are  separating  processes. 


Fig.  74-3.  Study  the  two  techniques  for  cutting  lamp 
shade  material  as  shown  here  and  in 
Pig.  74-4.  The  cost  estimator  studies 
different  techniques  for  doing  each  job. 
Then  he  can  tell  management  how  much 
each  technique  costs. 


Fig.  74-4.  A cutting  technique. 
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Surface  finishing.  SurfacGs  that  will  bG 
seGn  whGn  a product  is  in  usg  may  be  givGn 
a finish  (outGr  layGr)  that  is  very  attractive 
(pleasant  to  look  at) , or  easy  to  keep  clean. 
Other  surfaces  may  be  finished  to  impi’ove 
the  way  they  work.  Surface-finishing  proc- 
esses include:  (1)  painting,  (2)  anodizing, 
(3)  sanding,  (4)  sandblasting,  (5)  tum- 
bling, (6)  electroplating,  and  (7)  rubber 
coating. 

Assembling.  This  is  the  job  of  putting 
finished  parts  together  to  form  a product. 
A lamp  would  be  assembled  from  a lamp 
cord,  base,  socket,  stem,  switch,  shade,  and 
several  other  parts. 

Inspecting.  Parts  and  assemblies  may  be 
checked  at  any  stage  of  their  manufacture. 
A final  check  is  made  to  see  if  the  product 
works  the  way  it  is  supposed  to.  The  prod- 
uct is  also  checked  to  see  if  there  are  any 
visible  flaws  in  it. 


Process  Planning  Factors 

Almost  any  part  or  any  product  can  be 
made  one  of  several  different  ways.  In  order 
to  choose  among  several  possible  ways  to 
make  it,  the  process  planner  tries  to  answer 
these  questions : 

Availability.  Does  the  plant  already  have 
the  machines  and  tools  to  make  it,  or  will 
they  have  to  be  bought? 

Capacity.  Will  the  process  make  enough 
products  to  meet  sales  needs?  Will  it  make 
any  extra,  in  case  we  sell  more  than  we 
thought  we  could? 

Quality.  Can  the  process  make  parts  of 
acceptable  quality  (good  enough  to  sell)  ? 

Personnel.  If  the  plant  is  new,  can  trained 
workers  be  hired  to  run  the  machines?  If 
the  plant  is  already  running,  can  the  work- 
ers now  on  the  job  be  used  to  make  the  new 
product?  What  special  training  must  the 
workers  have? 

Materials.  What  kind  of  materials  can  be 
used?  If  the  machines  will  make  lamp  parts 
out  of  steel,  will  they  also  make  aluminum 
parts  ? 

/ O'  . 


464 


The  World  of  Manufacturing 


Overall  economy.  Will  there  be  high  main- 
tenance and  repair  costs?  What  will  the 
power  needs  be?  Will  the  machines  depre- 
ciate (lose  value)  a great  deal  each  year? 

Automation.  Should  the  production  line 
be  automated?  The  planner  must  decide  if 
the  lower  labor  costs  will  pay  for  the  higher 
machinery  costs.  In  general,  automation  is 
cheaper  for  making  large  numbers  of  prod- 
ucts than  it  is  for  making  small  numbers. 

Material  handling.  What  are  the  best 
and  cheapest  possible  ways  to  handle  raw 
materials,  partly  finished  lamp  parts,  and 
finished  lamps?  There  are  many  kinds  of 
material-handling  tools  and  machines.  Your 
choice  will  depend  partly  on  your  choice  of 
processes.  You  should  choose  the  ones  that 
will  not  need  a great  deal  of  material  han- 
dling. 

When  these  questions  have  been  answered 
for  each  possible  process,  the  planner  can 
choose  the  best  ones  and  the  tools  and  ma- 
chines needed  to  do  them.  Fig.  74-5. 


Fig.  74-5.  Each  type  of  process  is  studied  carefully. 
The  best  process  is  the  one  that  can  be 
fitted  into  the  total  plan  of  production. 
Many  questions  must  be  answered  before 
the  best  process  can  be  chosen. 


Process  Planning  Documents 

After  process  planners  have  picked  the 
processes  to  use,  their  plans  must  be  set 
down  on  paper  for  the  production  staff  to 
use.  Several  documents  (official  papers)  are 
needed. 

Flowchart.  The  flowchart  shows  where 
each  process  will  take  place.  It  tells  what 
tools  and  machines  should  be  used.  It 
shows  the  movement  of  raw  materials, 
partly  finished  parts,  and  finished  products. 

Routing  sheet.  The  routing  sheet  tells 
how  materials  and  parts  will  be  moved  from 
one  process  to  the  next. 

Job  descriptions.  These  tell  what  job  each 
person  on  the  production  staff  will  do. 

Production  schedule.  This  schedule  tells 
the  foreman  how  many  lamps  should  be 
made  in  a certain  length  of  time.  For  in- 
stance, it  might  call  for  making  135  lamps 
each  week.  The  schedule  can  be  changed 
each  week,  or  even  each  day,  if  sales  in- 
crease or  decrease. 

These  documents  help  the  production  staff 
to  make  an  acceptable  product  on  time  and 
at  the  lowest  cost. 


Summary 

The  process  planner  is  always  looking  for 
the  best  possible  ways  to  make  his  product. 
He  must  study  each  step  of  production, 
choose  the  right  process  for  it,  and  decide 
how  many  jobs  there  are  in  each  one.  He 
picks  the  best  ways  from  all  the  ones  that 
are  possible  to  do  in  his  plant.  He  picks  the 
right  tools  and  machines  and  how  they  are 
to  be  used. 

He  must  help  lay  out  the  plant  space  he 
needs,  and  must  see  to  it  that  he  gets  the 
tools  and  machines  he  needs.  This  will  help 
management  to  hire  and  train  the  workers 
needed  to  run  these  machines  and  to  do 
these  jobs.  All  of  these  activities  help  in- 
crease manufacturing  efficiency.  In  the  next 
reading,  you  will  learn  how  to  set  up  the 
plant  for  production. 
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Terms  to  Know 

production  process 
site 

production  planning 

unit  cost 

production  goal 

production  planner 

volume 

cost 

time 

manufacturing 
engineer 
process  planner 
process  engineer 
production  engineer 


grinding 

surface  finishing 

finish 

attractive 

painting 

anodizing 

sanding 

sandblasting 

tumbling 

electroplating 

rubber  coating 

assembling 

inspecting 

availability 


production  expediter 
methods  engineer 
work-measurement 
engineer 
tool  engineer 
maintenance 
cost  estimator 
process 
forming 
casting 
separating 
removing 
drilling 
capacity 


O 

quality 

acceptable  quality 
personnel 
materials 
overall  economy 
automation 
material  handling 
documents 
flowchart 
routing  sheet 
job  descriptions 
production  schedule 


Think  About  It ! 

1.  Look  at  your  pencil  or  pen.  List  the 
processes  used  in  the  manufacture  of  this 
product. 

2.  Write  a schedule  for  the  activities  (proc- 
esses) you  did  this  morning  in  getting 
dressed  and  ready  to  go  to  school.  Study 
the  schedule  and  see  where  changes  can 
be  made  to  increase  the  efficiency  of  the 
process.  Follow  the  new  schedule  tomor- 
row and  compare  the  efficiency. 
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In  last  semester’s  readings,  you  learned 
how  important  it  is  to  control  the  production 
and  quality  of  manufactured  goods.  Produc- 
tion control  makes  sure  that  the  right  ma- 
terial is  used  in  the  right  amount  at  the  right 
time  and  place.  Quality  control  makes  sure 
that  the  product  will  (at  all  times)  meet 
the  standards  that  have  been  set  up  for  it. 

In  this  reading,  you  will  learn  more  about 
the  kinds  of  controls  there  are  in  the  pro- 
duction of  your  company’s  desk  lamps. 


The  Results  of  Good  Control 

A good  system  of  production  control  will 
have  these  results: 

1.  The  right  production  rate.  This  means 
that  the  right  number  of  lamps  will 
come  off  the  assembly  line  each  day, 
Fig.  76-1. 


Fig.  75*1.  Good  production  control  will  make  sure 
that  the  right  number  of  lamps  are  made. 
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2.  The  best  possible  use  of  manpower. 

3.  The  best  possible  use  of  space  and 
equipment. 

4.  The  best  use  of  materials,  with  as  little 
waste  as  possible. 

The  right  production  rate  is  the  one  that 
will  make  just  the  number  of  parts  that  are 
needed  to  make  a certain  number  of  lamps. 
For  instance,  the  desk  lamp  is  made  up  of 
a base,  a stem,  a shade,  a socket,  a switch, 
and  some  wires.  One  of  each  part  must  be 
at  the  right  place  at  the  right  time,  so  that 
one  complete  lamp  can  be  assembled  (put 
together)  without  delays.  If  five  bases,  five 
stems,  five  shades,  five  sockets,  the  right 
number  of  wires,  but  only  one  switch  get  to 
the  assembly  point,  then  only  one  lamp  can 
be  put  together.  Therefore  the  production 
rate  for  each  part  must  be  worked  out  so 
that  the  right  number  of  each  part  is  always 
there  at  the  right  assembly  point  when  it  is 
needed. 

Some  parts  may  be  bought  from  other 
firms.  Therefore  the  control  system  must 
make  sure  that  the  right  number  of  pur- 
chased (bought)  parts  are  delivered  at  the 
right  time. 

To  make  the  best  possible  use  of  man- 
power on  a production  line  (fabrication  and 
assembly  line),  it  is  most  important  that 
the  right  number  of  workers  are  doing  the 
right  jobs.  Fig.  76-2.  For  instance;  if  there 
are  not  enough  workers  to  do  a certain  job, 
then  the  machines  may  sometimes  stand 
idle.  If  machines  are  idle,  then  time  is  lost. 
If  time  is  lost  at  one  work  station,  then 
time  will  be  lost  at  all  the  others  too.  The 
more  time  that  is  lost,  the  more  it  costs  to 
make  each  lamp.  On  the  other  hand,  if  there 
are  too  many  workers  on  a certain  job,  they 
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may  get  their  work  done  too  fast.  They 
would  lose  time  waiting  for  more  parts  to 
get  to  their  work  station.  This  kind  of  lost 
production  time  also  makes  it  cost  more  to 
produce  each  lamp. 


Fig.  75-2.  The  right  ’.lumber  of  workers  must  be 

working  at  each  process.  A slowdown  at 
one  work  station  will  cause  all  others  to 
slow  down. 


Fig.  75-3.  Workers  should  be  working  on  jobs  that 
they  can  do.  If  a worker  has  been  trained 
for,  and  is  being  paid  for,  a job  that  needs 
a high  degree  of  skill,  he  should  not  be 
working  on  a low-skilled  job.  This  is 
wasting  the  corporation’s  money. 


If  workers  are  put  on  jobs  they  are  trained 
to  do,  this  is  another  way  to  keep  costs  low, 
Fig.  75-3.  For  instance,  if  a man  is  being 
paid  the  wages  of  a skilled  worker,  he 
should  not  be  doing  a job  that  an  unskilled 
worker  could  do.  He  costs  too  much  to  be 
used  this  way.  On  the  other  hand,  an  un- 
skilled worker  on  a job  that  a skilled  worker 
should  do  also  costs  too  much.  He  may  dam- 
age or  destroy  parts. 


Production  Control 

There  are  several  kinds  of  production  con- 
trol you  can  use  to  set  up  the  right  pro- 
duction rate  and  to  use  workers,  space, 
machines,  tools,  and  materials  in  the  best 
possible  way.  They  are  (1)  order  control, 
(2)  inventory  control,  (3)  quality  control, 
and  (4)  block  control. 

Order  control  makes  sure  that  the  right 
number  of  lamps  are  made  to  fill  the  orders 
from  customiers.  Fig.  75-4.  When  a customer 
sends  in  an  order,  a bill  of  materials  (list 
of  all  the  materials  in  the  right  amounts  that 
will  be  needed  to  make  up  the  customer’s 
order)  is  made  out,  route  sheets  (how  the 


Fig.  75-4.  Production  should  be  geared  to  the  rate 
at  which  you  get  orders  from  customers. 
Too  slow  a production  rate  will  keep  too 
many  customers  waiting.  This  in  turn  can 
hurt  your  future  sale  of  lamps. 
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materials  and  parts  will  be  moved  from  one 
work  point  to  the  next)  are  made  up,  and 
production  is  scheduled  (showing  times  for 
each  process  that  is  used  to  make  the  cus- 
tomer’s order). 

To  start  making  the  lamps  for  the  cus- 
tomer’s order,  standard  stock  like  the  metal 
for  the  base  and  stem  of  the  lamp,  as  well 
as  parts  already  bought  and  stored,  must  be 
sent  from  the  warehouse  to  the  machines 
where  they  will  be  used.  At  the  same  time, 
orders  must  be  sent  out  for  any  parts  or  ma- 
terials not  bought  and  stored  in  advance 
(ahead  of  time). 

Inventory  control  must  make  sure  that 
standard  stock  and  parts  not  made  in  the 
plant  are  always  on  hand  when  they  are 
needed.  Fig.  75-5. 

Quality  control  must  make  sure  that  fin- 
ished lamps  meet  all  the  specifications  set 
up  by  the  designers  and  engineers.  Fig.  75- 
6.  To  maintain  (keep  up)  the  quality  of  the 
lamp,  some  lamp  parts  and  subassemblies 
are  tested.  Finished  lamps  are  inspected 
(checked)  to  make  sure  they  look  and  work 
as  they  are  supposed  to. 


Fig.  75-5,  Inventory  control  makes  sure  that  the  right 
number  of  each  part  of  the  lamp  is  on  hand. 
Forgetting  to  order  any  one  part  can  cause 
a whole  plant  to  shut  down. 

•ioo 


Your  plant  may  make  lamps  in  several 
different  styles  that  use  many  common 
parts.  These  lamps  would  be  made  under 
block  control.  This  means  that  the  blocks 
(groupings  of  each  style  of  lamp)  must  be 
controlled.  Fig.  75-7. 


Fig.  75-6.  Quality  control  makes  sure  that  the  lamp 
meets  the  standards  set  up  by  designers 
and  engineers.  The  tests  made  on  the 
lamps  will  help  to  set  up  the  terms  of  the 
company's  warranty. 


Fig,  75-7.  Block  control  is  the  control  of  different 
groupings  of  a product.  Certain  styles  of 
lamps  may  need  higher  control  standards 
than  others  do. 
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Establishing  a Production 
Control  System 

Someone  in  your  management  must  be  in 
charge  of  each  kind  of  control.  Some  kinds 
of  data  (information)  must  be  reported,  in 
written  form,  for  each  control  job.  The  best 
possible  ways  to  store  and  retrieve  (get 
back)  all  these  data  must  be  set  up.  To  set 
up  all  these  kinds  of  production  control,  a 
great  deal  of  careful  planning  must  take 
place. 

Several  steps  must  be  followed  to  set  up 
a production  control  system  for  your  desk 
lamp  plant.  First,  the  system  should  use  the 
layout  of  your  plant  in  the  best  way.  At  this 
point  in  these  readings,  you  have  already 
picked  the  best  site  (location)  for  your 
plant.  In  picking  this  site,  you  have  already 
thought  about  where  your  customers  and 
vendors  (sellers  of  the  parts  and  materials 
you  need  to  make  lamps)  are  located,  what 
the  best  ways  are  to  ship  goods  to  and  from 
your  plant,  and  how  many  skilled,  unskilled, 
and  trainable  workers  you  will  be  able  to 
hire. 

Your  production  manager  will  work  with 
your  personnel  manager  to  find  out  what 
worker  skills  you  need  to  run  the  plant.  You 
may  need  to  set  up  some  type  of  training 
program  for  the  workers  you  will  hire. 

You  must  make  up  lists  of  materials  and 
send  them  out  to  your  vendors.  You  must  be 
sure  that  there  are  delivery  dates  on  all 
these  orders.  You  must  see  to  it  that  mate- 
rials will  be  stored  in  the  best  way  so  that 
they  can  be  moved  smoothly  to  the  points 
on  the  assembly  line  where  they  will  be 
used. 

You  must  set  up  production  schedules  for 
each  worker  and  each  machine.  You  must 
check  again  later  to  make  sure  that  these 
schedules  can  be  met.  Before  your  plant  can 
run  smoothly,  you  may  have  to  change  a lot 
of  things. 

Today,  some  plants  use  an  electronic 
computer  to  set  up  production  lines.  If  you 
want  to  use  this  technique,  you  will  need 
.someone  who  knows  every  step  of  produc- 


tion, and  someone  who  can  translate  these 
steps  into  computer  language.  When  these 
steps  are  fed  into  a computer,  it  can  often 
show  you  the  points  in  a “make  believe” 
production  line  where  you  might  have  prob- 
lems. This  technique  is  called  simulation. 


Quality  Control 

To  control  product  quality,  your  m^ag- 
ers  should  ask  themselves  these  questions: 
Have  we  made  as  good  a desk  lamp  as  we 
can  for  the  price  we  are  selling  it?  Are  we 
making  a better  lamp  than  other  lamp  com- 
panies? Will  our  customers  be  pleased  and 
keep  buying  our  lamps? 

Fine  products  cannot  be  made  from  poor 
materials.  To  make  sure  that  the  quality  of 
materials  and  parts  coming  into  your  plant 
is  good,  your  managers  must  set  up  specifi- 
cations for  these  inputs.  WHien  you  order 
light  switches  or  tubing,  the  order  should 
state  the  exact  details  of  size,  how  they 
must  work,  or  how  long  they  must  last.  Some 
way  should  be  set  up  to  check  these  incom- 
ing materials  as  often  as  possible.  In  this 
way,  you  will  be  able  to  control  the  quality 
of  materials  that  go  into  the  lamp. 

Standards  should  also  be  set  up  for  each 
job  done  in  the  plant.  Some  of  these  stand- 
ards will  refer  to  measurements.  For  in- 
stance, if  a part  is  supposed  to  be  14  inches 
long  after  it  has  been  sheared  (cut),  a dif- 
ference of  Yio  inch  may  be  all  right.  A 
drawing  will  show  the  size  as  14"  ± 

(This  is  read  as  14"  plus  or  minus  Via".) 
This  small  difference  of  l^ch  is  called  a 
tolerance.  Another  kind  of  tolerance  shows 
how  far  a tube  may  be  out  of  round  (how 
far  it  can  differ  from  a perfect  circle) . Tol- 
erances are  a kind  of  language  that  design- 
ers, engineers,  production  workers,  and 
quality  control  men  use  to  talk  to  each  oth- 
er, and  to  agree  on  product  quality. 

Other  standards  for  a desk  lamp  will  re- 
fer to  cracks,  dents,  or  scratches  that  happen 
while  the  lamp  is  being  made.  If  the  same 
kind  of  damage  happens  often  to  one  part. 
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a quality  control  man  will  look  for  the  cause. 
He  may  find  that  the  material  is  too  thin  or 
too  soft.  He  may  find  that  a machine  is  not 
working  right,  or  that  the  worker  is  not  run- 
ning the  machine  right,  Fig.  75-8.  The  dam- 
age may  be  happening  as  the  part  is  picked 
up,  moved,  and  set  down  at  another  work 
station.  Whatever  the  cause,  there  must  be 
someone  who  makes  sure  that  it  is  cor- 
rected. Some  way  to  report  these  problems 
to  him  and  some  way  for  him  to  correct  such 
problems  must  be  set  up  in  the  quality  con- 
trol system. 

Quality  standards  for  your  desk  lamps 
should  be  set  up  for  each  bonding  (joining) 
process.  For  instance,  it  is  quite  likely  that 
some  of  your  desk  lamp  parts  will  be  joined 
with  solder.  It  is  also  likely  that  the  sol- 
dered parts  will  be  hidden  when  the  lamp 
is  finished.  Quality  control  should  check  the 
soldered  parts  to  make  sure  that  the  bond 
is  strong.  All  glued  bonds  and  mechanically 
fastened  parts  should  also  be  checked  be- 
fore the  lamp  is  finally  put  together. 

There  should  also  be  a final  check  on  how 
the  lamp  looks  and  works.  Each  lamp  should 
be  looked  at  before  it  is  packaged.  The 
electrical  system  should  also  be  checked  to 
see  if  it  works  well. 


Not  every  lamp  can  be  taken  apart  and 
completely  checked  and  tested.  If  this  were 
done,  you  would  need  as  many  inspectors 
as  you  did  workers.  Cf  course,  this  would 
cost  too  much.  Quality  control  ch^ks  are 
done  by  taking  a random  sample.  Fig.  75-9. 
For  instance,  every  twenty-fifth  lamp  might 
be  completely  tested  to  see  if  the  lamp  and 
all  its  parts  meet  the  standards  they  should. 
There  / are  mathematical  ways  to  decide 
what  percentage  of  the  lamps  will  meet  the 
standards,  based  on  the  results  of  testing 
and  random  sampling.  Your  company  will 
probably  agree  to  replace  any  lamp  that 
leaves  the  plant  with  any  poorly  made 
parts.  Therefore  you  must  be  sure  that  very 
few  defective  (poorly  made)  lamps  are 
shipped  out.  For  your  desk  lamp,  your  man- 
agers may  decide  that  the  quality  of  lamps 
is  good  enough  if  no  more  than  three  per- 
cent of  all  the  lamps  are  likely  to  be  defec- 
tive. 

There  is  one  other  type  of  testing  that  is 
usually  done.  It  is  called  destructive  testing. 
For  instance,  a lamp  might  be  dropped 
from  a desk  over  and  over  again  to  find  out 
how  many  times  it  can  be  dropped  before 
it  stops  working  or  falls  apart.  From  the  re- 
sults of  destructive  tests,  you  will  be  able  to 


Fig.  75-8.  Quality  control  checks  may  find  out  that  a 
machine  is  not  working  right.  The  broken 
lamp  bases  seen  here  cannot  be  used  and 
must  be  thrown  out.  This  waste  of  time  and 
material  can  be  very  costly. 


Fig.  75-9.  The  lamps  may  be  checked  by  taking  a 

random  sample.  This  means  that  the  total  run 
of  lamps  may  be  accepted  or  rejected  on 
the  basis  of  a complete  check  of  only  a few 
lamps  in  the  total  run. 
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set  up  the  terms  of  your  company’s  war- 
ranty (guarantee  that  the  lamp  will  work), 
Fig.  75-8. 

Inventory  Control 

There  are  many  jobs  in  an  inventory  con- 
trol system.  A good  system  always  has 
enough  of  the  right  materials  on  hand  at  the 
right  time.  Extra  standard  stock  materials 
take  up  space  and  tie  up  capital  (money  to 
buy  land,  buildings,  tools,  and  machines). 
Therefore  inventory  control  must  make  sure 
that  there  are  just  enough  materials  and 
parts  on  hand  to  be  used.  They  must  also 
make  sure  that  these  are  replaced  as  they 
are  used  up. 

Tools  and  machines  are  an  investment  of 
capital  dollars.  If  there  are  too  many  ma- 
chines for  a job,  then  some  of  them  will  not 
be  used.  If  a machine  must  stand  idle  while 
you  wait  for  a replacement  part,  a whole 
production  line  may  be  shut  down.  There- 
fore inventory  control  must  keep  enough 
tools  and  replacement  parts  for  machines  on 
hand  so  that  production  lines  can  keep  going. 

Inventory  control  men  must  also  check  on 
how  many  parts  are  being  used  in  the  pro- 
duction of  the  lamps.  More  parts  must  be 
stocked  to  replace  parts  damaged  during  as- 
sembly and  also  to  replace  parts  for  the 
customers. 

Inventory  control  men  must  also  tell  the 
production  staff  if  there  are  too  many  fin- 
ished desk  lamps  in  the  warehouse.  If  this 
happens,  your  salesmen  will  have  to  sell 
more  lamps.  If  they  can’t,  then  you  may 
have  to  cut  down  the  number  of  lamps  being 
made  on  your  production  line. 

Summary 

There  are  three  basic  kinds  of  control 
systems  that  must  be  set  up  in  your  lamp 
plant.  They  are  (1)  production  control,  (2) 
quality  control,  and  (3)  inventory  control. 
Each  has  its  own  special  jobs  to  do,  but  they 
must  all  work  together.  These  control  sys- 
tems help  increase  production  efficiency. 


Your  managers  depend  on  these  control  sys- 
tems to  help  make  lamps  in  the  best  possible 
ways,  so  that  your  company  will  make  a 
profit.  These  control  systems  must  be  set  up 
before  you  can  start  to  make  desk  lamp.s. 

Terms  to  Know 

production  control 
quality  control 
production  rate 
manpower 
assembled 
purchased 
production  line 
order  control 
inventory  control 
block  control 
bill  of  materials 
route  sheets 
scheduled 
in  advance 
maintained 
inspected 
blocks 
data 

Think  About  It! 

1.  You  can  buy  ballpoint  pens  for  10^  and 
for  $3.00.  What  differences  in  quality  con- 
trol are  there  in  the  10(f  pen  and  the  $3 
pen? 

2.  Wliat  are  some  production  control  prob- 
lems that  a large  clothing  manufacturer 
might  have? 


Kinds  of  Control  Systems 


“ipp 


retrieve 

site 

vendors 

simulation 

inputs 

sheared 

tolerance 

out  of  round 

bonding 

random  sample 

defective 

destructive  testing 
warranty 
equipment 
work  in  progress 
finished  goods 
capital 


At  this  point  in  these  readings,  you  have 
already  formed  your  corporation  to  make 
and  sell  desk  lamps.  The  lamp  has  been  de- 
signed. Every  production  process  has  been 
picked  out.  Your  plant  has  been  laid  out. 
You  have  decided  to  make  some  of  the  com- 
ponents  (parts)  of  the  lamp  in  your  plant. 
The  rest  will  be  bought  and  shipped  to  the 
plant  already  made,  Fig.  76-1.  Standard 
stock  materials  have  been  ordered.  Through 
a trial  run,  possible  delays  or  problems  have 
been  found  and  taken  care  of.  You  are  now 
ready  to  start  full-scale  production  of  desk 
lamps.  All  the  parts  will  be  assembled  (put 
together)  into  finished  lamps  on  your  pro- 
duction lines.  The  finished  lamps  will  be 
shipped  to  your  customers,  or  stored  in  your 
warehouse  for  future  sales. 

In  this  reading,  you  will  learn  more  about 
forming,  separating,  and  assembling.  You 


Fig.  76-1.  Some  parts  for  the  lamp  will  be  bought 
from  other  companies.  The  rest  of  the 
parts  will  be  made  in  your  own  plant. 

These  wire  rings  were  bought  to  be  used 
as  parts  in  the  lamp  shade  assembly. 
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Making 
and  Combining 
Components 
and  Assemblies 

will  find  out  how  each  process  is  used  to 
make  desk  lamps.  You  will  also  find  out  how 
and  why  production  schedules  are  changed. 


Selecting  Production  Techniques 

In  an  early  stage  of  planning,  you  had  to 
decide  what  production  techniques  (ways  to 
do  something)  to  use  to  make  your  desk 
lamps.  You  could  use  techniques  that  are 
mechanized  (done  by  machines  that  are  run 
by  men)  and  automated  (done  by  machines 
that  are  run  by  other  machines).  You  could 
use  techniques  that  are  manual  (done  by 
men  by  hand).  The  number  of  lamps  to  be 
made  in  order  to  earn  a certain  profit  is 
what  you  used  to  help  you  decide.  If  you 
were  going  to  make  a large  number  of  lamps, 
then  the  mechanized  and  automated  tech- 


Fig.  76-2.  Manual  production  techniques  are  best 

when  you  are  making  very  small  numbers  of 
lamps.  But  if  you  increase  the  number  of 
lamps  you  make,  it  will  be  cheaper  to  use 
automatic  equipment. 

{ 
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t niques  would  be  the  best  ones  to  use.  If  you 

; were  going  to  make  a very  small  number  of 

t lamps,  you  would  want  to  use  manual  tech- 
[ niques,  Fig.  76-2. 

I You  have  decided  to  make  a small  num- 

ber of  lamps  for  a short  period  of  time.  It 
f would  be  too  costly  to  use  a lot  of  mecha- 

I nized  or  automated  techniques.  Thus  you 

I chose  to  use  manual  techniques  to  make 
I your  desk  lamps. 

I 

i' 

f' 

? Manufacturing  Components 

I 

i Also  in  an  early  stage  of  planning,  you 

I had  decided  that  the  base,  shade,  and  stem 

1 were  the  three  parts  of  the  desk  lamp  that 

would  be  made  in  your  own  plant.  Fig.  76-3. 
You  found  that  other  companies  were  better 
\ equipped  to  make  some  of  the  standard 

h parts  like  the  power  cord  and  plug,  socket, 

? switch,  and  fasteners. 

1 The  design  of  your  lamp  will  be  studied 

i here,  in  order  to  see  how  each  process  is 

f used  to  make  each  part.  You  are  going  to  use 

K manual  techniques  to  make  the  base,  shade, 

; and  stem  of  the  desk  lamp.  A large  modern 

plant  would  use  mechanized  techniques.  You 
I will  see  how  lioth  kinds  of  techniques  can 

I be  used  to  make  these  parts. 

1*. 


. Fig.  76-3.  This  desk  lamp  is  made  up  mainly  of  a 


shade  and  a base,  both  of  which  are  made 
of  sheet  metol.  The  stem  is  made  of  a 
piece  of  metal  tubing. 


The  base  of  the  lamp  is  made  from  sheet 
metal  standard  stock.  It  is  done  in  the  fol- 
lowing sequence  (order)  of  steps. 

Laying  out  the  pattern.  When  manual 
techniques  are  used,  a hardboard  template 
(pattern)  is  laid  over  the  sheet  metal.  Fig. 
76-4.  The  outline  of  the  part  and  the  loca- 
tions for  holes  are  traced  onto  the  metal 
surface  with  a scratch  awl.  When  mecha- 
nized techniques  are  used  in  industry,  this 
step  is  not  needed. 

Shearing.  Tin  snips  can  be  used  to  shear 
(cut)  each  part  to  the  right  size  and  to  cut 
out  notched  edges  to  show  where  the  bend 
lines  are  supposed  to  be.  In  industry,  this 
would  be  done  on  a punch  press  that  used 
matched  dies.  Special  cutting  dies  would 
have  been  designed  to  shear  the  sheet 
metal  stock  to  the  right  size  and  shape.  All 
holes  and  slots  would  be  punched  at  the 
same  time.  This  would  make  sure  that  all 
the  joining  parts  would  fit  together.  Then 
the  stock  would  move  on  to  another  press 
that  would  form  the  sheet  metal  to  the  right 
shape. 


Fig.  76-4.  A template  may  be  used  to  mark  each 

piece  to  be  cut  from  sheet  metal.  This  will 
make  sure  that  each  piece  will  be  the 
same  size  and  shape. 


lit" 
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Drilling  holes.  In  hand  work,  a hand  drill 
(or  punch)  or  a portable  electric  drill  is  used 
to  drill  all  rivet  and  screw  holes.  It  is  also 
used  to  start  the  rectangular  holes  for  the 
switch  on  the  front  of  the  lamp  base.  In  in- 
dustry, all  holes  are  cut  at  the  same  time 
as  the  part  is  sheared  to  the  right  size. 

Filing.  The  rectangular  holes  are  finished 
by  hand  with  a file.  On  a punch  press,  the 
matched  dies  make  the  finished  holes. 

Bending.  Each  part  is  bent  by  hand  on  a 
box-and-pan  brake.  The  notched  edges  are 
used  to  locate  the  bend  lines.  In  industry, 
bending  is  done  on  a press. 

Temporary  assembly.  The  top  and  bottom 
of  the  base  are  put  together  to  check  the 
fit.  If  they  fit  together  well,  screw  holes  in 
the  top  part  are  used  to  locate  and  mark 
holes  in  the  bottom  part.  The  parts  are  then 
taken  apart,  and  the  marked  holes  are 
drilled.  Fig.  76-5. 

The  stem  he  desk  lamp  is  made  from 
aluminum  tube  stock.  It  is  done  in  four 
steps. 

Cutting.  A hacksaw  is  used  to  cut  the 
stock  by  hand.  In  industry,  a band  saw  is 
used  to  cut  the  stock  to  the  right  lengths. 

Bending.  For  either  manual  or  mecha- 
nized work,  a bender  is  used. 

Drilling.  There  must  be  a hole  near  each 
end  of  the  bent  stem  so  that  the  lamp  cord 
can  pass  through  the  tube.  Screw  holes  are 
also  needed.  For  hand  work,  a hand  drill  or 
a portable  electric  drill  is  used.  In  industry, 
a drill  press  is  used. 

Slotting.  In  hand  work,  a slot  is  filed  in 
the  stem.  In  industry,  this  is  done  by  a mill- 
ing machine. 

The  surfaces  of  all  these  base  and  shade 
parts,  as  well  as  the  stem,  must  be  gotten 
ready  to  be  coated  with  paint. 

Surface  preparation.  In  hand  work,  each 
part  is  sanded  with  abrasive  (rough)  paper. 
In  industry,  sandblasting  may  be  used.  The 
surfaces  may  also  be  chemically  cleaned  in 
a pickling  solution. 

The  design  also  calls  for  a short  piece  of 
wooden  dowel  rod.  This  part  is  made  in  one 
step. 


Sawing.  The  dowel  rod  is  sawed  to  the 
right  length  by  hand  with  a hacksaw.  In  in- 
dustry, a band  saw  is  used. 

Assembly  Processes 

Actually,  there  is  no  set  order  in  which 
assembling  (combining)  must  be  done.  For 
instance,  you  might  combine  the  stem  and 
the  base  of  your  lamp  first.  But  the  cord 
could  also  be  threaded  through  the  stem 
and  wired  to  the  socket  first.  You  have  al- 
ready made  your  decisions  when  you  planned 
each  production  process.  The  following 
steps  for  assembling  the  parts  of  your  desk 
lamp  may  help  you  see  how  this  process 
could  be  done. 

First,  the  stem  is  attached  to  the  dowel 
rod.  Next,  a bracket  is  fastened  to  the  shade 
with  a riveting  gun,  and  the  stem  is  then 
bolted  to  the  bracket.  Next,  the  stem  is  put 
through  the  top  of  the  base.  The  cord  can 
now  be  threaded  through  the  base  and  stem, 
and  then  wired  to  the  socket.  Fig.  76-6.  The 
socket  is  now  fastened  to  the  top  of  the 
.stem  with  a bolted  bracket.  Next,  the 


Fig.  76-5.  This  desk  lamp  base  is  made  from  two  sheet 
metal  ports.  All  of  the  holes  for  fastening 
it  together  ore  already  drilled  in  it.  The 
stem  is  also  shown. 
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switch  is  installed  in  the  base,  and  the  elec- 
trical connections  are  made.  The  stem  is 
then  fastened  to  the  bottom  of  the  base.  The 
plug  is  next  attached  to  the  cord,  and  felt 
is  put  on  the  bottom  of  the  base.  Finally, 
the  trim  is  painted  onto  the  lamp  by  hand. 
Fig.  V6-7. 

This  is  just  one  sequence  of  assembly  that 
might  be  followed  for  a lamp  that  is  com- 
bined by  manual  techniques. 

Some  of  these  parts  might  have  been  as- 
sembled by  mechanized  techniques.  For  in- 
stance, there  is  a machine  that  can  fit  and 
join  matching  parts  of  the  lamp  shade  for 
spot  welding. 

The  line  cord,  switch,  socket,  and  wiring 
would  probably  be  combined  by  hand.  The 
power  cord  and  plug  would  probably  be 
bought  as  a single,  molded  part,  rather 
than  as  two  separate  parts. 


Production  Schedules 


sales  of  this  lamp  are  steady  enough  and 
high  enough,  your  managers  will  schedule 
continuous  production  of  this  lamp. 

You  decided  during  an  early  stage  of  plan- 
ning that  a single  lamp  style  would  be  made. 
But  it  is  possible  that  one  of  your  customers 
may  order  a small  number  of  high-intensity 
lamps  with  a slight  change  in  design.  For 
instance,  he  may  order  200  lamps  with  two 
light  intensities.  Since  this  is  a small  order, 
you  may  be  able  to  custom-make  these 
lamps.  You  may  need  more  workers,  or  you 
may  have  to  shift  some  workers  to  differ- 
ent work  stations  because  the  lamp  design 
has  been  changed.  You  will  surely  have  to 
order  some  new  parts,  like  transformers, 
selenium  diodes,  sockets,  and  switches. 

If  the  number  of  sales  of  these  custom- 
made  lamps  is  not  high  enough  for  con- 
tinuous production,  you  may  have  to  run 
intermittent  production.  This  means  that 
you  will  stop  making  your  standard  lamp 
while  the  custom-made  lamp  is  produced. 


On  your  production  line,  only  one  kind  of 
lamp  is  being  made  at  any  one  time.  If  the  Modifying  Production 


Fig.  76-6.  This  worker  is  wiring  the  cord  to  the  bulb 
socket  on  a table  lamp.  A bin  of  precut 
electric  cords  is  on  a table  beside  the 
lamps. 


You  may  have  to  modify  (change)  the  de- 
sign or  production  techniques  if  your  qual- 


Fig.  76-7.  The  final  trim  on  this  lamp  is  painted  on  by 
hand. 
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ity  control  staff  finds  poorly  made  lamps, 
Fig.  76-8.  They  may  find  that  the  aluminum 
rivets  or  the  spot  weldings  do  not  hond 
(join)  the  metal  shade  tightly  enough  to  the 
lamp.  They  may  find  that  there  is  an  elec- 
trical ground  in  the  base  or  the  stem  of  the 
lamp.  This  would  make  the  lamp  unsafe  to 
use.  Parts  that  are  defective  (poorly  made) 
or  broken  during  assem.bly  must  be  thrown 
away.  This  is  a waste  of  labor  and  materials, 
Fig.  76-9. 

These  problems  will  be  studied  by  your 
production  engineer  and  your  quality  con- 
trol staff,  and  maybe  your  production  fore- 
men. They  v/ill  solve  the  problems  and  ask 
for  changes  in  the  lamp  design  or  in  some 
production  process. 

Time  and  motion  studies  may  show  that 
workers  are  not  being  used  in  the  best  ways 
at  their  work  stations.  Jobs  and  duties  of 
some  workers  may  need  to  be  changed  after 
you  have  started  to  make  lamps. 

Your  production  control  manager  must 
study  each  production  process  so  that  he  can 
find  out  whether  parts,  subassemblies,  and 
finished  lamps  are  getting  done  on  time.  If 
they  aren’t,  he  must  report  this  to  someone 
who  can  find  the  trouble  and  correct  it. 


Summary 

If  desk  lamp  parts  are  made  by  manual 
techniques,  the  separating  processes  may 
include  shearing,  drilling,  filing,  sawing,  and 
sanding.  In  industry,  some  of  these  proc- 
esses won’t  be  used  because  the  work  can 
be  done  by  matched  dies  on  a punch,  press. 
One  kind  of  forming  process  (bending)  will 
be  used. 

All  of  the  surfaces  of  the  lamp  parts  will 
be  coated  with  paint.  To  get  them  ready  for 
painting,  the  parts  are  sanded  by  hand,  or 
sandblasted  by  machines. 

There  is  no  set  order  in  which  the  lamp 
parts  must  be  assembled.  These  decisions 
must  be  made  in  the  early  stages  of  produc- 
tion planning. 

Whether  you  will  plan  continuous  produc- 
tion or  intermittent  production  depends  on 
the  number  of  lamps  you  are  selling.  If  the 
number  is  steady  and  high  enough,  you  will 
make  a single  lamp  style  all  the  time.  If  the 
number  is  low  and  orders  do  not  come  in 
all  the  time,  then  you  will  plan  to  make  one 
lamp  style  for  a while,  and  then  stop  making 
it  when  you  get  a special  order  for  a slightly 
different  lamp  style. 


Fig.  76-8.  You  may  have  to  modify  production  while 
work  on  the  lamps  is  still  in  progress. 


Fig.  76-9.  Parts  that  are  defective  or  broken  during 
the  assembly  process  must  be  thrown  away. 
This  Is  a waste  of  labor  and  materials. 
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You  may  have  to  change  the  lamp  design 
or  some  production  process  if  quality  con- 
trol finds  poorly  made  or  broken  parts 
coming  off  your  production  line. 


Terms  to  Know 


Making  and 
Componei 
Desk  ] 

1 Combining 
Its  for  a 
Lamp 

r-Make  from  - 

Bu 

standard  Stock 
(sheet  metal,  metal  tubing, 
sheet  vinyl,  electric  wire) 


components 
assembled 
forming 
separating 
assembling 
techniques 
mechanized 
automated 
manual 
sequence 
laying  out  the 
pattern 
template 
shearing 
shear 


drilling  holes 
filing 

temporary  assembly 

cutting 

bending 

drilling 

slotting 

surface  preparation 

abrasive 

sawing 

continuous  production 

intermittent  production 

modify 

bond 

defective 


Think  About  It ! 

1.  Look  at  a table  lamp  and  identify  what 
forming,  separating,  and  assembling  proc- 
esses were  used  on  the  shade,  harp,  body, 
and  electrical  circuit. 

2.  What  are  some  of  the  problems  the  man- 
ufacturer of  commercial  passenger  air- 
planes must  solve  in  assembling  the  dif- 
ferent parts  and  subassemblies? 


Lamp  Components 

(base  top,  base  bottom,  shade  top, 
.shade  bottom,  bracket,  stem,  wire, 
covering) 


Socket 

Bulb 

Plug 

Switch 

Grommets 

Paint 


Adhesion  bonding 

Soldering 

Riveting 

Screwing 

Dip  coating 

Spraying 


Subassemblies 

(shade,  base,  stem, 
electrical  system) 


Arranging 
for  Distribution 
and  Sales 


Now  there  are  finished  desk  lamps  com- 
ing off  your  plant's  production  line.  They 
must  be  packaged  in  a form  that  will  get 
them  from  your  plant  to  the  consumers 
(customers).  You  should  make  plans  to  ad- 
vertise them  (make  people  aware  that  they 
are  for  sale).  You  should  make  plans  to 
market  them  (sell  them).  You  should  make 
plans  to  distribute  them  (ship  them  to  wher- 
ever they  will  be  sold).  In  this  reading,  you 
will  learn  how  to  make  these  plans. 


Product  R&D 

Most  lamps  are  made  in  one  place  and 
used  in  another.  A package  must  be  made  to 
hold  each  lamp  as  it  is  moved  from  one  place 
to  the  other.  To  make  a package  for  a desk 
lamp,  you  must  go  through  the  same  steps  of 
research  and  development  as  you  did  to 
make  the  lamp.  These  steps  must  be  planned, 
organized,  and  controlled. 

In  large  corporations,  many  department 
staffs  may  work  together  to  develop  the 
package  for  the  product.  The  legal  staff  will 
help  decide  what  is  said  on  the  label  of  the 
package.  The  research  staff  will  help  decide 
whether  a planned  package  is  strong  enough 
to  last  if  it  is  handled  roughly.  The  traffic 
staff  will  know  about  shipping  regulations 
(rules).  The  production  staff  will  help,  if 
the  package  is  going  to  be  made  in  the  plant. 
The  purchasing  staff  will  find  out  where  any 
odd-shaped  kind  of  package  can  be  bought. 
The  sales  and  advertising  staffs  will  help 
decide  whether  the  design  of  the  package  is 
pleasing  to  look  at. 

A package  is  supposed  to  (1)  contain 
(hold),  (2)  identify  (name),  (3)  protect 


(keep  from  damage),  and  (4)  display 
(show)  the  product.  See  Figs.  77-1  and  77-2. 
Many  products  are  first  packaged  in  single 
units.  Then  they  are  packaged  in  larger 
units  to  make  them  easier  and  cheaper  to 
handle.  For  instance,  each  desk  lamp  is  put 
into  its  own  package.  Then  a dozen  of  these 
packaged  desk  lamps  may  be  packed  in  one 
large  carton  to  ship  them.  Some  companies 
make  their  own  packages.  Many  others  buy 
them  from  those  companies  that  make  and 
sell  packages  and  containers. 

To  design  a package,  you  must  think 
about  its  size  and  shape.  You  must  also 
think  about  its  performance  (how  strong 
and  long-lasting  it  should  be).  You  must 
think  about  its  appearance  (how  pleasing  it 
looks).  You  must  think  about  its  maximum 


Fig.  77-1.  The  plastic  is  placed  on  these  lamps  not 
only  to  protect  them  from  dirt,  but  also  to 
allow  them  to  be  displayed  without  taking 
the  package  off. 
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cost  (the  most  it  will  cost  to  make  without 
cutting  down  the  profit  you  will  earn  on  the 
product  itself).  A good  package  is  one  that 
looks  good  and  does  what  it  is  supposed  to 
do:  contain,  identify,  protect,  and  display 
the  product.  How  good  a package  for  a desk 
lamp  looks  would  not  be  too  important,  since 
a lamp  is  displayed  without  its  package. 


Fig.  77-2.  The  package  musf  be  designed  fo  keep  fhe 
lamp  from  breaking  while  if  is  moved  from 
one  place  fo  anofher.  The  cardboo'^d 
baffles  in  fhis  carfon  will  profeef  fhe  lamp 
from  fhe  shocks  fhaf  happen  as  fhe  carfon 
is  handled. 


Fig.  77-3.  You  must  gef  your  plant  ready  fo  make 

and  combine  fhe  package  jusf  fhe  way  you 
did  for  making  fhe  lamp.  You  musf  pick  fhe 
besf  possible  processes  for  making  fhe 
package,  jusf  fhe  way  you  did  for  making 
the  lamp. 


Engineering  the  Processes 

After  your  designers  have  come  up  with 
several  package  designs,  your  top  manage- 
ment will  approve  one  of  them  as  the  pack- 
age your  lamps  will  be  packed  in.  From  that 
point  on,  the  steps  used  to  develop  and  make 
the  package  will  be  like  those  used  to  de- 
velop and  make  the  lamp  itself. 

Your  production  engineer  must  pick  the 
safest,  easiest,  and  cheapest  way  to  make 
the  package.  He  will  try  to  use  the  workers, 
materials,  machines,  and  production  space 
you  already  have.  He  will  try  to  use  auto- 
matic machines  to  make  the  package,  if  he 
can.  Modern  packaging  machines  can  make 
different  sizes  and  styles  of  packages  very 
quickly.  In  this  way,  the  cost  of  making  the 
package  for  the  lamp  can  be  kept  very  low. 


Preparing  the  Plant  for  Production 

If  the  package  is  to  be  made  at  the  same 
plant  that  makes  the  product,  there  must  be 
space  for  any  machine  that  is  used  to  make 
it.  Whether  you  make  or  buy  the  package  for 
your  lamps,  there  will  have  to  be  space  and 
machines  to  fill  them  and  seal  them.  Fig.  77- 
3.  Machines  that  fill,  close,  and  handle  pack- 
ages should  be  completely  automatic  if  you 
are  making  large  numbers  of  lamps.  Since 
you  are  making  much  smaller  numbers  of 
lamps,  some  of  these  processes  will  be  man- 
ual (done  by  men  by  hand). 


Securing  the  Needed  Industrial 
Materials 

Your  choice  of  packaging  material  is 
based  on  (1)  how  good  it  looks  and  (2) 
how  well  it  contains,  identifies,  protects,  and 
displays  your  product.  There  are  many  dif- 
ferent materials  that  can  be  used  to  pack- 
age products.  Some  of  these  are  plastics, 
cellophane,  paper  and  cardboard,  glass. 
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metal  and  plastic  tubes,  and  aerosol  cans, 
Fig.  77-4.  Your  choice  must  be  based  on  cost, 
nroduct  size,  and  how  well  the  product  must 
be  protected. 

- You  must  think  of  how  well  your  lamp 
must  be  protected  from  impact  (jolts), 
vibration  (shocks),  compressive  stacking 
(weight  of  packages  stacked  on  top  of  each 
other),  humidity  (moisture  in  the  air), 
light,  and  heat.  To  protect  the  lamp  from 
jolts  and  shocks,  cushioning  materials  can 
be  used.  These  may  be  metal  springs,  nat- 
ural materials  like  felts  and  wood-wool,  or 
expanded  plastics  like  foamed  styrene  and 
rubber. 

The  package  itself  must  be  strong  enough 
not  to  break  if  many  of  them  are  stacked  on 
top  of  each  other.  Usually,  to  keep  the  cost 
of  the  package  as  low  as  possible,  you  are 
willing  to  have  a small  number  of  packaged 
products  damaged  in  shipping  and  handling 
them.  Only  very  costly  products  or  impor- 
tant military  products  need  complete  pro- 
tection. 

I 

Your  purchasing  stafT  is  in  charge  of 
getting  the  right  materials  as  cheaply  as 
they  can.  They  must  make  sure  that  the 
right  amounts  get  to  the  plant  at  the  right 
time. 


Pig.  77-4.  You  mus>  choose  the  materials  that  will  be 
used  to  make  the  package.  This  roll  of 
plastic  will  be  used  to  package  desk  lamps. 


Making  and  Combining  Components 

Suppose  the  package  is  made  from  sepa- 
rate components  (parts)  like  the  corrugated 
board  fillers  in  the  desk  lamp  packages. 
These  parts  are  made  separately  and  assem- 
bled (combined)  later,  Fig.  77-6.  Your  pro- 
duction engineer  may  decide  to  buy  one 
package  part  from  someone  else,  rather  than 
to  make  it  in  your  plant.  He  would  compare 
the  cost  to  make  it  with  the  cost  to  buy  it 
in  order  to  make  his  decision. 


Marketing 

Advertising  tells  people  about  goods  and 
services  they  can  get.  Those  who  make  the 
product,  those  who  ship  it,  and  those  who 
sell  it  all  advertise.  If  your  lamp  firm  were 
to  grow  into  a large  cornoration  that  sold 
lamps  all  over  America,  it  would  probably 
advertise  all  over  the  country.  Since  it  is  a 
small  firm  you  will  probably  advertise  only 
in  the  places  where  you  expect  to  sell  lamps. 

There  are  many  media  in  which  to  adver- 
tise your  lamp.  There  are  newspapers, 
magazines,  radio  and  television  programs, 
billboards,  posters  in  buses  and  trains,  cata- 
logs, direct  mail  ads,  motion  pictures  that 


Fig.  77-5.  The  parts  of  this  package  can  be  assembled 
with  the  lamp  it  holds.  This  package  is 
made  up  of  the  cardboard  carton, 
cardboard  baffles,  plastic,  paper,  and  labels. 
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can  be  shown  to  large  groups  of  people,  and 
exhibits  at  fairs  and  conventions,  Fig.  77-6. 
Your  market  research  staff  (people  who 
have  special  training  in  advertising)  can 
help  you  choose  the  best  way  to  reach  the 
people  who  will  buy  your  lamps. 

Suppose  your  market  research  has  shown 
that  some  of  your  desk  lamp  customers  will 
be  women  who  sew.  You  might  buy  an  ad  in 
a woman’s  magazine  if  it  did  not  cost  too 
much.  Suppose  your  market  research  has 
shown  that  some  of  your  customers  will  be 
hobbyists.  You  might  buy  an  ad  in  a hobby 
magazine. 

Many  firms  hire  advertising  agencies 
(firms  who  find  the  best  ways  to  advertise 
products) . The  agency  buys  time  and  space 
in  the  best  media  for  the  product.  Then  it 
bills  the  firm  for  the  cost  of  this  time  and 
space.  The  agency  also  gets  a commission 
(percentage  of  the  cost  of  advertising)  for 
this  service. 

The  agency  staff  also  does  market  re- 
search, suggests  ways  to  advertise,  writes 
ads,  and  makes  up  ad  layouts  and  illustra- 
tions. It  is  possible  for  a large  corporation 
to  hire  its  own  advertising  staff,  but  most 
small  firms  hire  an  agency  to  do  some  or  all 
of  their  advertising  for  them. 


Fig.  77-6.  There  are  many  ways  to  advertise.  The 
attractive  sign  on  the  package  that 
identifies  the  product  is  one  good 
way  to  advertise. 


Sales  Promotion 

Displays,  pamphlets,  technical  brochures, 
and  fact  sheets  are  all  “silent  salesmen”  for 
your  lamps.  Fig.  77-7.  Other  ways  to  pro- 
mote (increase)  sales  include  trade  shows 
and  exhibits  at  fairs,  association  meetings, 
and  conventions.  Companies  usually  ask 
their  advertising  agencies  to  work  out  the 
details  of  sales  promotion  at  these  large 
shows. 

Personal  Selling 

Personal  selling  calls  for  direct  contact 
between  the  seller  and  the  buyer.  Your  sales 
manager  must  set  up  and  maintain  (keep 
up)  ways  to  pick,  train,  and  supervise  his 
salesmen.  He  must  come  up  with  ways  to 
pay  them  that  not  only  reward  them,  but 
also  make  them  want  to  sell  more  lamps. 
Most  salesmen  work  on  commission  (per- 
centage of  what  they  sell).  Thus  their  in- 
come depends  on  how  much  they  sell. 

Marketing  Channels 

Products  move  to  market  through  many 
different  marketing  channels.  A marketing 
channel  is  a way  of  getting  a product  to  the 


Fig.  77-7.  Sales  promotio’.i  helps  sell  your  desk  lamps. 
An  affractive  display  is  one  form  of  sales 
promotion.  This  allows  customers  to  look 
at  and  compare  several  s^|'les  of  lamps 
at  once. 
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customer.  One  of  the  most  common  channels 
is  the  direct  sale  and  shipment  of  the  prod- 
uct to  the  customer.  Industrial  products  and 
certain  others  like  milk,  bread,  and  news- 
papers are  sold  widely  this  way. 

Industrial  products  like  pipe  and  building 
supplies  are  shipped  directly  to  the  cus- 
tomer. The  retailer  (someone  who  sells 
products  directly  to  the  public)  often  buys 
such  bulky  products  like  refrigerators  in 
truckload  or  carload  lots  in  order  to  lower 
the  shipping  costs.  This  type  of  sale  and 
shipment  is  also  cheapest  for  the  manufac- 
turer. It  also  makes  the  retailer  want  to  buy 
in  large  volume  lots. 

Another  marketing  channel  ;is  made  up  of 
a ivholesaler,  a retailer,  and  finally  the  cus- 
tomer. This  is  the  most  common  channel 
when  the  manufacturer  can  ship  products 
cheaply  in  large  carload  and  truckload  lots 
to  the  warehouses  of  wholesalers  near  his 
major  markets.  The  tvholesalers  buy  the 
products  directly  from  the  manufacturer 
and  keep  stocks  of  them  on  hand  to  sell  in 
smaller  numbers  to  retailers  in  that  market 
area.  The  wholesalers  do  not  usually  sell 
products  directly  to  the  “man  on  the  street,” 
but  sell  them  only  to  the  retailers.  It  is  the 
retailers  who  then  resell  them  to  the  cus- 
tomer, the  “man  on  the  street,”  Fig.  77-8. 


Pricing 

One  of  the  most  important  things  a cus- 
tomer will  look  for  on  your  desk  lamps  is  its 
selling  pHce  (how  much  a lamp  costs  to 
buy).  Fig.  77-9.  Your  lamp  must  be  priced 
to  compete  with  others  like  it  on  the  market. 
The  selling  price  is  likely  to  be  the  highest 
price  at  which  you  can  sell  your  lamps 
rather  quickly  and  still  make  a good  profit 
on  them.  You  should  set  up  a selling  price 
that  will  make  both  tvholesalers  and  re- 
tailers want  to  sell  them. 

The  federal  government  has  set  up  a great 
deal  of  control  over  selling  prices.  Your 
company  must  be  careful  not  to  violate  (dis- 
obey) restrainUof-trade  and  antitrust  latvs 
(laws  that  say  that  you  and  other  lamp  com- 


panies may  not  get  together  and  “fix 
prices”).  In  your  advertisements  and  sales 
promoting  techniques,  your  company  must 
not  make  false  or  misleading  claims  about 
your  lamps,  or  you  will  be  brought  into 
court  by  some  federal  agency. 


Fig.  77-8.  These  lamps  have  been  sent  to  a retail 

store  where  they  will  bi.  sold  to  the  public. 
This  way  of  getting  the  lamp  from  your 
plant  to  your  customer  is  called  a 
marketing  channel. 


Fig.  77-9.  If  several  styles  of  lamps  are  being  made, 
they  must  be  marked  in  some  way  when 
they  are  put  in  a package.  Such  markings 
should  show  both  the  style  of  the  lamp 
and  its  selling  price. 
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Summary 

A manufacturer  must  make  or  buy  a pack- 
age that  will  protect  his  product  and  attract 
customers  to  buy  it.  There  are  a great  many 
different  kinds  of  packages  and  packaging 
materials.  Packages  must  be  designed  and 
made  in  the  same  careful  ways  that  the 
product  itself  was. 

People  learn  about  a product  through  ad- 
vertising. A manufacturer,  a wholesaler,  or 
a retailer  may  advertise  a product.  Special 
skills  are  needed  to  pick  the  best  ways  to 
reach  customers  and  to  write  the  ads  that 
will  attract  them. 

Sales  promotion  materials  also  advertise 
the  product.  Salesmen,  working  under  a 


sales  manager,  sell  products  directly  to  the 
customer,  the  “man  on  the  street.” 

There  are  several  other  marketing  chan- 
nels to  get  the  product  to  the  customer. 
Wholesalers  buy  products  in  large  volunie 
lots.  In  turn,  they  sell  them  to  retailers  in 
smaller  lots.  Retailers,  in  turn  sell  them  to 
the  public  in  even  smaller  lots,  often  in 
single  units. 

The  selling  price  of  a product  affects  its 
sales.  The  product  must  be  priced  high 
enough  to  make  a profit,  but  low  enough  to 
compete  with  other  products  like  it  on  the 
market. 
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Terms  to  Know 


consumers 

advertise 

market 

distribute 

planned 

organized 

controlled 

regulations 

contain 

identify 

protect 

display 

performance 

appearance 

maximum  cost 

manual 

impact 

vibration 

compressive  stacking 


humidity 

components 

assembled 

media 

market  research  staff 

advertising  agencies 

commission 

sales  promotion 

promote 

personal  selling 

maintain 

marketing  ciiannels 
direct  sale 
retailer 
wholesaler 
selling  price 
violate 

restraint-of-trade 

laws 

antitrust  laws 


-Contain 

-Identify 

-Protect 

-Display 


-Product  R & D 

_Engineering 
"the  processes 

Preparing  the 
_plant  for 
production 

Securing 

^industrial 

materials 


-Advertising 

Sales 

"promotion 

_Personal 

"selling 

-Pricing 


Think  About  It  I 

1.  Look  at  a package  and  describe  how  it 
contains,  identifies,  protects,  and  displays 
the  product. 

2.  You  have  developed  a desk  lamp  which 
you  want  to  sell  to  teenagers.  List  as 
many  places  as  you  can  think  of  where 
you  would  advertise  to  reach  as  many 
teenagers  as  possible. 


Liquidating 
the  Corporation 


In  the  last  ten  readings,  you  have  learned 
how  to  form  and  run  a corporation.  You 
have  gone  through  all  the  steps  you  must 
take  to  plan,  organize,  produce,  control,  and 
sell  a product  in  order  to  earn  a profit.  Think 
back  over  what  you  have  done  in  your  lamp 
company  in  the  past  few  weeks.  Ask  your- 
self some  questions  about  this  corporation 
that  you  formed  and  ran.  How  efficient  was 
it  (how  well  did  it  produce  lamps)?  How 
can  this  efficiency  be  measured?  How  could 
it  have  been  improved  (made  better)  ? 

In  this  reading,  you  will  find  answers  to 
these  questions.  You  will  also  learn  how  a 
corporation  is  dissolved  (ended).  Also,  you 
will  find  some  predictions  (guesses)  about 
corporations  in  the  future. 

Dissolving  the  Corporation 


many  products  and  not  be  able  to  sell  them. 
If  money  doesn’t  come  in  from  sales,  then 
the  firm  can’t  pay  its  bills  for  materials  used 
to  make  the  products.  Fig.  78-2. 

The  steps  you  take  to  dissolve  a corpora- 
tion differ  from  state  to  state.  In  some 
states,  the  corporation  has  to  sell  its  assets 
and  pay  its  debts  before  its  charter  can  be 
revoked  (given  up).  In  other  states,  the 
charter  has  to  be  revoked  before  the  assets 
can  be  sold.  You  may  choose  to  go  out  of 
business  {voluntary  dissolution),  or  you 
may  be  forced  to  go  out  of  business  {in- 
voluntary dissolution) . 


Voluntary  Dissolution 

If  you  choose  to  go  out  of  business,  your 
stockholders  must  agree  that  your  corpora- 


Each  year,  about  400,000  corporations 
dissolve  (go  out  of  business).  A corporation 
goes  out  of  business  by  a legal  process  called 
dissolution,  Fig.  78-1.  This  means  that  the 
corporation  gives  up  its  charter  and  sells  its 
assets  (land,  buildings,  tools,  machines,  and 
furniture).  All  of  the  debts  (bills)  must 
then  be  paid  out  of  the  money  from  the  sale 
of  the  assets  Only  then  can  the  stockholders 
get  any  money  from  their  investment 
(money  put  into  the  corporation  to  help  it 
get  started  or  to  keep  it  in  business).  If 
there  is  any  money  left  after  the  debts  have 
been  paid,  it  will  be  divided  among  the 
stockholders. 

Most  of  the  corporations  that  are  dis- 
solved are  small  and  have  been  in  business 
for  less  than  five  years.  There’  are  several 
reasons  why  small  businesses  are  dissolved. 
One  reason  is  that  a firm  may  make  too 


Fig.  78-1.  If  a corporation  is  dissolved,  production 
stops.  All  of  the  bills  must  then  be  paid 
from  the  sale  of  the  assets  of  the 
corporation.  Only  then  can  the  stockholders 
get  any  money  from  their  investment. 
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tion  will  give  up  its  charter.  The  board  of 
directors  will  call  a meeting  of  the  stock- 
holders, and  a majority  of  them  must  vote 
to  dissolve  the  corporation. 

Sometimes  stockholders  themselves  want 
to  dissolve  the  corporation  because  they 
don't  like  the  way  the  board  of  directors  is 
running  it.  In  this  case,  the  board  of  direc- 
tors might  refuse  to  call  a meeting  of  the 
stockholders.  Then  the  stockholders  them- 
selves must  either  call  the  meeting  or  sue 
the  directors  to  force  them  to  call  it.  At  this 
meeting,  the  stockholders  could  vote  to  give 
up  the  corporation’s  charter.  Thus  the  re- 
sult would  be  the  same  as  if  the  directors 
had  called  the  meeting. 

Why  does  a corporation  choose  to  go  out 
of  business?  The  most  important  reason  is 
business  failure  (when  there  is  not  enough 
income  from  sales  to  pay  the  bills  for  mate- 
rials already  used).  When  this  happens,  the 
board  of  directors  or  the  stockholders  no 
longer  feel  sure  that  the  corporation  can 
earn  any  more  profits. 


Fig.  78-2.  Your  corporation  may  make  too  many 


lamps  and  not  be  able  to  sell  them.  If 
money  does  not  come  in  from  sales,  the 
corporation  cannot  pay  its  bills  for  materials 
used  to  make  the  lamps.  This  can  cause  your 
corporation  to  go  out  of  business. 


Involuntary  Dissolution 

In  most  states,  corporations  can  be  dis- 
solved by  people  outside  the  corporation. 
There  are  four  ways  that  corporations  can 
be  forced  to  go  out  of  business. 

1.  Bankruptcy.  The  courts  can  dissolve  a 
corporation  if  it  is  not  able  to  pay  its 
debts. 

2.  Failure  to  meet  state  regulations.  In 
some  states,  an  agency  of  the  state  can 
revoke  a corporation’s  charter  if  the 
corporation  does  any  illegal  business, 
fails  to  pay  its  taxes,  or  fails  to  file  any 
reports  that  state  laws  say  it  must  file. 

3.  Improper  purposes.  The  courts  can  dis- 
solve a corporation  if  it  is  .set  up  for 
any  purpose  that  is  illegal  in  the  state 
or  community  in  which  the  corporation 
is  set  up. 

4.  Lack  of  activity.  Some  states  can  dis- 
solve a corporation  if  it  fails  to  carry 
out  the  purposes  stated  in  its  charter. 


The  Results  of  Dissolution 

When  a corporation  is  dissolved,  it  loses 
its  status  as  an  entity  (“artificial  person”). 
This  means  that  it  can  no  longer  sue  or  be 
sued  in  court.  It  cannot  make  contracts,  buy 
or  sell  property,  borrow  money,  or  carry  out 
any  of  the  purposes  stated  in  its  charter. 

The  corporation  must  then  sell  its  assets 
and  pay  all  its  debts.  If  there  is  any  money 
left  after  the  debts  have  been  paid,  it  is  di- 
vided among  the  stockholders  according  to 
the  number  of  shares  of  stock  they  each 
hold.  Suppose,  though,  that  there  is  not 
enough  money  from  the  sale  of  the  assets 
to  pay  all  the  corporation’s  creditors  (peo- 
ple or  companies  it  owes  money  to).  In  this 
case,  if  all  its  creditors  agree,  the  corpora- 
tion can  pay  its  debts  with  them  through 
private  settlements  (agreements).  A trustee 
is  chosen  by  the  creditors  to  decide  how  the 
debts  will  be  paid.  Often  the  trustee  tries 
to  make  sure  that  each  creditor  gets  a fair 
share  of  the  money  owed  him. 
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The  financial  (money)  matters  of  a large 
corporation  are  very  complex  (complicated). 
Thus  disagreements  over  fair  settlement  of 
debts  are  quite  common.  In  this  case,  a court 
chooses  a receiver.  The  receiver  sells  the 
assets,  pays  the  debts,  and  divides  whatever 
is  left  among  the  stockholders. 

Once  the  corporation’s  assets  have  been 
sold  and  its  charter  revoked,  the  corpora- 
tion no  longer  exists.  It  cannot  sue,  or  be 
sued  by  anyone  for  anything  it  has  done  in 
the  past.  It  cannot  be  forced  to  pay  any 
more  debts  after  the  court  has  approved 
whatever  way  has  been  set  up  to  settle  its 
debts. 


Corporation  Efficiency 

The  success  of  your  corporation  depends 
on  how  well  it  is  run.  Fig.  78-3.  To  make  a 
product  and  sell  it  at  a profit,  you  cannot 
have  high  manufacturing  costs.  If  these 
costs  are  high,  your  profits  will  be  low  and 
you  will  soon  be  out  of  business. 

Well-trained  people  are  needed  to  run  a 
corporation  well.  Poorly  trained  workers 
waste  time  learning  how  to  do  their  jobs 
right.  Often  they  raise  costs  even  more  by 
making  defective  (poorly  made)  parts  that 
have  to  be  thrown  out. 

To  run  a corporation  well,  you  need  good 
management.  Fig.  78-4.  The  managers  of 
your  corporation  must  be  able  to  make  plans, 
set  up  their  machines  and  workers,  and 
check  to  see  that  the  plant  is  running 
smoothly  and  that  every  person  is  doing  his 
job  in  the  best  possible  way. 

Good  managers  can  improve  the  corpora- 
tion by  putting  into  practice  any  new  and 
different  process  that  will  make  it  run  bet- 
ter, Fig.  78-5.  This  means  that  the  good 
manager  must  be  aware  of  new  inventions 
or  developments.  He  must  know  about  new 
materials,  designs,  machines,  and  techniques 
that  would  help  the  corporation  make  its 
product  more  cheaply  or  with  better  quality. 
Fig.  78-6. 


Fig.  78-3.  The  success  of  a corporation  depends  on 
how  well  it  is  run.  Every  job  must  be 
studied  to  find  out  the  best  possible  way 
to  do  it.  For  instance,  suppose  this  stock 
clerk  moved  only  one  carton  at  a time 
instead  of  five.  Would  this  be  the  best 
way  to  move  the  cartons? 


Fig.  78-4.  To  run  your  corporation  well,  you  need 
good  management.  Managers  must  always 
find  out  where  improvements  can  be  made. 
This  moans  constant  study  and  much  thought 
by  everyone  on  the  management  staff. 
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Fig.  78-5.  Today,  speed  in  getting  things  done  is  one 
way  to  do  them  well.  It  is  common  for 
corporation  managers  to  do  business 
on  the  way  to  another  business  appointment. 
The  future  may  make  even  greater  demands 
on  top  management  staff. 


Corporation  Effectiveness 

If  the  corporation  is  well  run,  it  will  keep 
on  earning  a good  profit  over  a long  period 
of  time.  It  will  also  maintain  (keep  up)  or 
improve  its  sales  record.  This  means  that 
your  corporation  should  increase  its  sale  of 
lamps  each  year  by  at  least  the  same  per- 
centage that  the  total  sales  of  all  lamps  goes 
up,  Fig.  78-7. 

If  a corporation  is  well  run,  its  managers, 
directors,  and  stockholders  feel  sure  that  it 
will  continue  to  make  and  sell  useful  prod- 
ucts and  to  earn  a profit.  The  public  that 
buys  its  products  and  other  companies  that 
make  the  same  kind  of  products  also  expect 
it  to  stay  in  business. 

Customers  form  their  opinions  of  how 
well  a corporation  is  run  on  the  basis  of  its 
products.  High-quality  products  are  a good 
sign  of  a well-run  business.  Low-quality 
products  are  a good  sign  that  the  corpora- 
tion is  quite  likely  to  go  out  of  business  soon. 

The  well-run  corporation  is  interested  in 
living  conditions  as  well  as  profits.  It  wants 
to  make  and  sell  products  that  will  make 
the  lives  of  its  customers  better.  It  tries  to 
become  active  in  programs  that  will  make 
living  conditions  better  for  everyone.  As  an 


Fig.  78-6.  A well-run  corporation  must  be  able  to 

store  and  get  data  back  quickly.  Computers 
are  often  used  to  do  this  today.  The  two 
disks  shown  here  have  miilions  of  bits  of 
data  on  them. 


Fig.  78-7.  One  way  to  measure  how  well  your 

corporation  is  being, run  is  to  see  how  fast 
it  sells  the  lamps  it  makes.  This  means  that 
you  should  make  them  as  fast  as  you  sell 
them  to  customers. 
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employer,  it  tries  to  make  working  condi- 
tions better  for  its  workers,  to  get  rid  of 
unfair  personnel  practices,  and  to  improve 
the  social  and  personal  welfare  of  all  its 
workers. 


Corporations  and  the  Future 

The  corporation  will  probably  be  the  most 
common  and  widespread  way  to  do  business 
in  the  future.  Only  the  corporation  is  able  to 
raise  the  large  amounts  of  money  that  are 
needed  to  buy  the  complex  and  costly  ma- 
chines used  in  modern  production. 

There  is  always  room  for  new  corpora- 
tions. Because  technology  can  change  so  fast 
today,  it  is  possible  for  someone  who  has  a 
new  idea  to  develop  it  and  form  a corpora- 
tion to  make  and  sell  products  based  on  that 
idea. 

Today’s  large  corporations  will  probably 
exist  for  a long  time  in  the  future.  Large 


Fig.  78*8.  There  will  be  many  changes  in  corporations 
in  the  future,  but  a few  jobs  will  not  change 
very  much.  For  instance,  this  worker 
is  putting  gold  leaf  on  the  lamp  base  in 
much  the  same  way  as  it  was  done 
centuries  ago. 
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corporations  can  do  research  to  keep  up-to- 
date  on  new  developments.  Some  of  the  most 
important  research  is  now  being  done  by 
these  corporations.  New  knowledge  can  be 
quickly  used  to  design  new  products. 

Corporations  today  want  to  make  living 
conditions  better  than  they  ever  were  be- 
fore. They  know  that  business  cannot  get 
better  if  their  customers  do  not  have  jobs 
and  good  places  to  live.  It  is  likely  that  cor- 
porations will  continue  to  improve  living 
conditions  in  the  future. 

In  the  next  fifty  years,  more  and  more 
people  will  work  for  corporations.  Fig.  78-8. 
Corporations  will  have  to  come  up  with  chal- 
lenging and  interesting  jobs  for  them. 

For  the  last  ten  years,  there  has  been  a 
trend  for  corporations  to  merge  (join)  with 
other  corporations  that  make  entirely  differ- 
ent products.  These  are  called  conglomer- 
ates. Some  people  say  that  a conglomerate 
can  make  each  product  better  because  it 
makes  them  both.  While  others  doubt 
whether  this  is  true,  only  the  future  holds 
the  answer. 

Some  people  are  critical  of  large  corpora- 
tions, but  others  say  that  corporations  have 
greatly  helped  this  country’s  economic 
growth.  Because  of  their  large  size,  corpora- 
tions have  been  able  to  make  better  and 
cheaper  products,  and  customers  have  en- 
joyed lower  prices,  better-quality  products, 
and  improved  living  conditions. 


Summary 

In  these  last  ten  readings,  you  have 
learned  how  a corporation  is  formed,  how  it 
is  run,  and  how  it  is  dissolved.  You  have 
followed  all  its  stages  by  forming  and  run- 
ning your  own  corporation  to  make  and  sell 
desk  lamps.  You  have  learned  how  a product 
like  a desk  lamp  is  made  and  sold.  You  have 
learned  how  and  why  some  corporations  go 
out  of  business.  The  corporation  is  not  the 
only  way  to  do  business,  but  it  is  such  an 
important  way  that  everyone  should  have  a 
ba^ic  knowledge  of  how  and  why  it  works. 


F 


I 


P 

I- 

I 


Terms  to  Know 


efficient 

improved 

dissolved 
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dissolve 
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voluntary  dissolution 
involuntary  dissolution 
business  failure 
bankruptcy 
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improper  purposes 

lack  of  activity 
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defective 
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Business  failure 


Dissatisfaction 


Bankruptcy 


Think  About  It! 

1.  Corporations  go  out  of  business  (dis- 
solve) for  many  reasons.  Look  in  the  lo- 
cal newspaper  for  corporations  in  your 
community  that  are  going  out  of  business. 
Why  are  they  going  out  of  business? 

2.  Corporations  today  are  more  interested 
in  making  living  conditions  better  than 
they  ever  were  before.  How  are  corpora- 
tions in  your  community  helping  to  fight 
air  and  water  pollution? 


Failure  to 
meet  state 
obligations 


Improper 

purposes 


Lack  of 
activity 
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Manufacturing  in  the  future  will  be  fas- 
ter. It  will  be  more  complex  (complicated) . 
It  will  be  more  automated  (machines  run  by 
other  machines).  It  will  be  more  efficient 
(well  run),  and  better  able  to  make  prod- 
ucts at  much  less  cost.  To  run  the  plants 
that  will  make  these  complex  products,  we 
will  need  managers  and  production  people 
who  are  well  educated  and  very  skilled.  Some 
of  the  largest  technological  developments 
give  us  a hint  of  what  manufacturing  will 
be  like  if  it  is  to  make  the  products  we  will 
want  and  need  in  the  future. 


Manufacturing 
in  the  Future 

In  the  past,  man  has  had  little  control 
over  or  concern  for  his  environment.  Ke 
manufactured  goods  which  became  part  of 
the  environment.  Little  concern  was  given 
to  how  the  goods  he  produced  affected  the 
environment.  When  products  wore  out  or 
were  replaced  by  newer  products,  the  old 
products  were  scrapped.  They  were  burned, 
buried,  or  dumped  into  the  waters.  Because 
of  the  seemingly  small  amount  of  material 
and  pollution,  compared  to  the  whole  earth, 
no  effect  on  the  environment  was  seen.  No 
effect  was  seen  because  the  build-up  of 
waste  and  pollution  happened  very  slowly. 


The  Past 

A hundred  years  ago,  almost  anyone  knew 
how  to  make  the  products  that  were  used 
then.  Fig.  79-1.  A village  forge  was  seen 
almost  everywhere  in  the  country.  Next  to 
it  was  a mill  to  grind  grain,  a cobbler  shop 
to  make  and  fix  shoes,  and  several  other 
simple  manufacturing  shops.  These  were  all 
open  to  public  view.  Most  people  knew  how 
they  were  set  up  and  run.  The  streets  were 
still  lit  by  gaslights.  People  still  rode  on 
horseback  and  in  carriages. 

Fifty  years  ago,  people  were  starting  to 
use  such  new  forms  of  energy  as  electricity. 
They  were  also  starting  to  use  such  new  and 
more  complex  machines  as  radios  and  air- 
planes. Those  who  ran  manufacturing 
plants  were  learning  new  techniques  of 
management.  For  instance,  they  learned  to 
divide  big  jobs  into  smaller  parts  so  that 
one  person  could  learn  how  to  do  his  own  job 
in  a short  time.  The  need  for  workers  with 
complex  skills  was  reduced  (cut  down) , and 
men  became  more  like  parts  of  the  produc- 
tion machines  they  ran. 


The  Present 

In  recent  years,  complex  products  have 
been  made  by  complex  machines  and  proc- 


Fig.  79-1.  This  is  manufacturing  of  the  past.  We  have 
come  a long  way  since  these  crude  tools 
were  used  to  make  industrial  goods. 
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esses.  Large  manufacturing  plants  grew  up 
I on  a single  site  (location).  In  these  plants, 

I raw  materials  were  completely  changed  into 

I finished  goods. 

f During  the  past  ten  years,  these  large 

I plants  have  been  replaced  by  plants  in  which 

I standard  stock,  single  parts,  or  assem- 

blies are  made.  We  usually  think  that  the 
U.  S.  makes  huge  numbers  of  identical 
(exactly  alike)  products,  parts,  and  models. 
The  average  run,  though,  of  most  manufac- 
tured parts  is  only  about  fifty  per  day. 

Today,  fewer  workers  are  being  used  as 
parts  of  the  machines  they  run.  Many  work- 
ers are  now  being  used  to  run  such  complex 
and  costly  machines  as  numerically-con- 
i trolled  machines.  Fewer  skilled  machinists 
are  needed,  because  these  machines  can 
make  parts  without  mistakes.  They  can 
also  make  parts  to  very  close  tolerances 
(how  much  a part  can  differ  in  size  and 
shape  and  still  fit  with  its  matching  parts). 
All  a man  does  now  is  to  thread  a tape  into 
a machine  much  as  he  would  thread  a tape 
into  a home  tape  recorder.  The  data  (infor- 
mation) needs  to  be  put  on  the  tape  only 
once.  Fig.  79-2.  It  is  usually  done  by  a 
r trained  engineer. 
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Fig,  79-2.  This  is  manufacturing  of  the  present,  A 

video  device  shows  the  complete  history 
of  a motor  vehicle  in  computer  language. 


The  rapid  change  in  management  in  re- 
cent years  can  be  shown  by  looking  at  some 
of  the  new  techniques  that  are  used  to 
make  new  products.  Fig.  79-3.  In  the  past, 
you  could  shut  down  the  production  line, 
bring  in  new  machines  and  tools,  and  put 
workers  back  at  their  old  jobs.  Tomorrow, 
you  may  even  have  to  build  a new  plant  be- 
cause the  new  machines  and  tools  will  not 
work  like  the  old  ones  at  all.  The  workers 
in  your  old  plant  often  won’t  be  able  to  run 
the  new  machines  or  learn  the  new  tech- 
niques. This  means  that  there  will  need  to 
be  new  and  different  kinds  of  schooling  and 
training  in  the  future. 

Today,  men  are  beginning  to  recognize 
the  problems  that  result  from  making  the 
man-mado  environment.  Manufacturers  and 
consumers  are  becoming  more  aware  of  the 
part  they  play  in  controlling  the  environ- 
ment, in  controlling  waste,  and  in  stopping 
pollution.  Manufacturers  are  researching 
and  developing  the  technologies  that  will 
help  us  live  in  a better  world. 


The  Future 

The  way  we  live  will  be  changed  by  manu- 
facturing in  the  future.  We  will  be  better 


Fig,  79-3,  Today's  top  management  staff,  scientists, 
and  engineers  are  making  plans  for  the 
future  in  manufacturing. 


r*n  o 


492  The  World  of  Manufacturing 

educated.  We  will  get  better  medical  care. 
See  Fig.  79-4.  Even  our  ways  of  traveling 
around  and  shipping  goods  will  be  diiferent. 
See  Figs.  79-5  and  79-6. 

One  of  the  biggest  concerns  in  the  U.  S. 
in  the  future  is  lik  )ly  to  be  education.  vVe 
are  now  starting  to  Tmd  out  how  it  is  that  a 
person  learns  something  new.  We  are  also 
finding  out  how  we  can  teach  him  and  give 
him  the  data  he  needs  to  know  in  order  to 
learn  something  new.  There  are  simple 
teaching  machines  we  can  use  now.  Even 
more  complex  ones  are  being  designed  by 
research  teams.  The  work  of  teachers  has 
been  carefully  studied.  From  this,  we  have 
found  that  much  of  the  work  that  they  do 
now  can  be  done  through  motion  pictures, 
filmstrips,  and  TV  films.  We  are  starting  to 
find  out  ways  to  measure  how  creative  and 
imaginative  a child  is.  We  are  also  starting 
to  find  out  how  to  improve  this  talent.  We 
are  finding  out  that  it  is  more  important  to 
help  a child  learn  how  to  learn  something 
new  than  it  is  for  him  to  learn  what  has 


Fig.  79-4.  The  way  we  live  will  be  changed  by 

manufacturing  in  the  future.  We  will  be 
better  educated  and  will  also  get  better 
medical  care. 


already  happened.  In  the  future,  wo  are 
likely  to  find  ways  to  develop  this  skill 
through  machines  and  new  techniques.  In 
this  way,  people  will  be  able  to  deal  with  the 
new  and  complex  problems  they  will  have  to 
solve. 


Fig.  79-5.  The  past  and  the  future  are  seen  in  this 
fanciful  sketch  of  a futuristic  highway  that 
may  link  nations  together. 


Fig.  79-6.  Space  vehicles  may  cany  people  and 

supplies  to  and  from  stations  in  outer  space. 
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Another  important  new  field  that  will  be 
open  to  manufacturers  in  the  future  is  medi- 
cal care.  We  are  likely  to  see  machines  that 
can  diagnose  (find  out  the  cause  of)  ailments 
of  the  human  body.  Most  of  these  will  also 
be  able  to  prescribe  (suggest)  ways  to  cure 
these  ailments.  There  will  also  be  machines 
to  help  the  patient  get  well.  They  will  ob- 
serve and  record  whenever  his  behavior  is 
different  from  what  it  should  be.  Perhaps 
such  machines  will  be  made  in  such  large 
numbers  that  they  will  be  used  in  the  home 
as  well  as  in  the  hospital. 

One  of  the  last  physical  frontiers  to  ex- 
plore in  the  world  is  the  ocean,  Fig.  79-7. 
Many  machines  need  to  be  designed  in  order 
to  develop,  or  start  to  develop,  the  ocean  as 
a source  of  food,  minerals,  and  energy,  or 
even  as  a place  for  us  to  live.  Manufactur- 
ing may  even  be  done  in  outer  space.  There 
we  can  make  and  assemble  parts  where  it  is 
completely  free  of  dust  and  dirt.  Fig.  79-8. 

Conservation  (saving  and  using  carefully) 
of  our  natural  resources  is  likely  to  be  an 
even  greater  concern  to  manufacturers  in 
the  future.  Fig.  79-9.  On  the  one  hand,  nat- 


Fig.  79-7.  One  of  the  last  physical  frontiers  to 

explore  is  the  ocean.  We  will  need  the 
resources  of  the  sea  in  order  to  make 
progress  in  manufacturing. 


Fig.  79-8.  When  outer  space  is  finally  explored, 

manufacturing  can  be  done  in  the  dirt-free 
space  capsules  seen  here. 


Fig.  79-9.  We  must  be  concerned  with  the 

conservation  of  our  natural  resources. 
Deposits  of  minerals,  coal,  oil,  and  other 
natural  resources  will  not  last  forever. 
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ural  resources  can  be  saved  if  we  use  more 
materials  over  again,  instead  of  throwing 
them  away.  On  the  other  hand,  our  re- 
sources can  be  saved  if  we  cut  down  the 
amount  of  harmful  waste  that  is  returned 
to  the  air,  water,  and  land  around  us.  For 
instance,  our  wastes  can  be  imrified 
(cleaned)  to  the  point  where  they  do  not 
pollute  (poison)  the  air,  water,  and  land 
they  are  returned  to.  In  the  far  distant  fu- 
ture, there  may  be  self-contained  communi- 
ties where  most  of  the  products  we  use 
can  be  saved  and  made  or  built  over  again 
without  adding  any  more  materials  or  re- 
sources to  do  so. 

It  is  now  common  to  use  two  or  more  fields 
of  technology  to  solve  new  problems.  For  in- 
stance, biology  and  mechanics  have  been 
used  to  develop  mechanical  hearts  that  will 
make  today’s  heart  transplants  seem  very 
old-fashioned.  Photography,  chemistry,  and 
mechanics  have  been  used  to  make  machine 
parts  that  can  make  gears  small  enough  to 
be  used  in  watches  and  at  a cost  of  a frac- 
tion of  a cent  each.  Photography,  chemistry, 
and  electricity  have  been  used  to  build  on  a 
one-inch  square  piece  of  ceramic  tile  a com- 
puter that  used  to  need  5,000  tubes  to  run. 
These  ways  of  joining  different  fields  of 
technology  to  develop  new  products,  ma- 
chines, and  techniques  can  only  be  under- 
stood by  people  who  study  more  than  one  of 
these  fields. 

In  the  past,  it  took  from  two  to  twenty 
years  to  develop  new  products.  With  some 
products,  it  took  even  longer.  In  the  first 
twenty  years  after  the  first  airplane  had 
been  built,  most  people  did  not  think  there 
was  any  use  for  it.  Now,  of  course,  planes 
can  move  large  numbers  of  people  and  goods 
in  very  short  times  over  very  great  dis- 
tances. 

People  have  accepted  computers  much 
more  quickly.  Computers  have  been  used  to 
do  many  different  kinds  of  jobs.  Their  costs 
have  been  slowly  reduced.  It  has  been  said 
that  by  1980  almost  every  machine  in  al- 
most every  plant  will  be  run  by  computers. 
Fig.  79-10.  In  the  next  few  years,  large 


computers  that  run  many  machines  will  still 
be  needed,  since  computer  costs  are  still 
quite  high.  But  ten  years  from  now,  the 
cost  of  computers  will  be  so  low  that  every 
machine  may  be  run  by  a computer. 


Summary 

Manufacturing  used  to  be  simple  in  the 
ways  it  was  set  up  and  run.  Each  worker 
often  needed  many  different  skills.  Modern 
manufacturing  uses  such  different  and  com- 
plex machines  and  techniques  that  most 
workers  need  very  few  skills. 

In  the  future,  manufacturing  will  use 
computers  to  run  many  of  the  machines  that 
are  now  run  by  men.  Workers  will  need 
more  complex  schooling  and  training  so  that 
they  in  turn  may  make,  run,  and  service 
automated  machines. 


Fig.  79-10.  Computer-controlled  machines  are 

becoming  more  and  more  of  a reality.  In 
the  future,  porhaps,  one  man  will  be  able 
to  control  and  produce  goods  that  take 
1,000  men  to  make  today. 
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There  will  be  many  more  people  living 
in  the  world  of  tomorrow.  There  will  be 
fewer,  though,  who  understand  it.  Those 
who  do  understand  it  and  know  how  to  make 
what  the  people  of  the  future  will  want  and 
need  are  likely  to  be  in  great  demand.  They 
are  likely  to  be  among  the  leaders  of  to- 
morrow. 


Terms  to  Know 

complex 

automated 

efficient 

reduced 

site 

identical 

numerically-controlled 

machines 

tolerances 


data 

educated 

medical  care 

diagnose 

prescribe 

conservation 

purified 

pollute 

pollution 


Think  About  It! 

1.  How  will  manufacturers  of  the  future 
use  over  again  materials  that  are  con- 
sidered waste?  How  will  using  them 
over  again  affect  the  pollution  problems 
we  are  facing  now? 

2.  What  jobs  that  now  exist  in  your  com- 
munity do  you  see  changing  as  a result 
of  technological  progress  in  your  com- 
munity? 


Manufacturing 


Human  and 
animal  power 


Shops 


Men  operate 
machines 


Mechanical,  electric, 
nuclear  power 
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story  of 
Basic  Machine 
Tools 


In  these  next  three  readings,  you  will 
learn  about  some  of  our  larger  manufactur- 
ing industries.  These  industries  use  the 
standard  stock  materials  made  by  primary 
manufacturers  (those  who  process  raw  ma- 
terials into  standard  stock  materials).  The 
standard  stock  is  processed  to  make  com- 
ponents (parts)  and  to  assemble  (combine) 
these  into  finished  products.  The  finished 
goods  are  then  sold  and  shipped  to  custom- 
ers. 

The  machine  tool  industry  is  one  of  our 
most  important  ones.  Machine  tools  are  used 
to  make  all  the  machines  that  are  used  in 
construction  and  in  manufacturing.  In  this 
reading,  you  will  learn  about  machine  tools 
and  the  machine  tool  industry. 

The  Machine  Tool  Industry 

The  story  of  machine  tools  is  the  story  of 
man’s  progress.  From  frozen  apple  pies, 
permanent-press  pants,  and  wristwatches, 
to  orbiting  satellites,  space  capsules,  and 
lunar  modules,  all  products  today  are  made 
directly  or  indirectly  by  machine  tools.  They 
were  either  made  by  machine  tools  or  made 
by  machines  that  were  made  by  machine 
tools.  Figs.  80-1  and  80-2.  You  can  see  that 
we  would  not  be  able  to  feed  and  clothe  our- 
selves without  machine  tools.  We  would  not 
enjoy  our  present  way  of  living  without  ma- 
chine tools. 

Machine  tools  have  helped  us  to  build  a 
large  manufacturing  system.  They  have 
helped  us  to  make  large  numbers  of  prod- 
ucts at  lower  costs.  Because  of  these  lower 
prices,  people  have  wanted  more  products. 
Because  people  have  wanted  more  products, 
manufacturers  have  made  more  products. 


Fig.  80-1.  A rocket  lifting  off  the  launch  pad  at  Cape 
Kennedy  is  a product  of  modern  machine 
tools.  The  millions  of  parts  of  a huge  rocket 
could  not  be  made  without  machine  tools. 


Fig.  80-2.  Machine  tools  are  important  in  developing 
new  ideas.  This  personnel  rocket  belt  is  now 
being  tested  by  the  military  to  help  in 
amphibious  landings. 
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Jecause  more  “I"; 

nore  people  have  been  hired  to  help  ni 

them.  Thus 

more  jobs.  More  jobs  mean  ™ore  income 

and  a higher  standard  of 

meL  more  produets  can  be  bought 

As  you  can  see,  this  system  can  keep  going 
as  lOTg  as  people  want  and  can  buy  the  in- 
Seied  number  of  products  that  are  made. 


'he  Machine  Tool 

The  National  Machine  Tool  Builders’  As- 
ociation  delines  a machiM  tool  “ » PJ”' 
Iriven  machine,  not  portable  (c^rmd  by 
/i\  iiabfi  fn  or  form  motal  by  cut 

bri«P“‘  (etriking),  by'!"**®”;* 
iforieifby  electrical  techniques,  or  by  some 
ombination  of  th«e 

reading,  you  will  learn  about  two  rnaj  or 
Wnds  S machine  tools.  They  are  (1)  basjc 
rLchme  tools  and  (2)  special  machine  tools. 

Basic  Machine  Tools 

Basic  machine  tools  make  special  ”;“bi"e 
to^  These  are  the  real  machine  tool  build- 
em  The  basic  machine  tools  use  one  or 
more  of  live  techniques  to  malm  ^ ^ 

gnnding,  and  (5)  planing  or  shaping. 


Drilling 

Drilling  is  the  technique  of  cutting  a 

round  hL  in  metal  by  using  a rotating 

(turning)  drill.  BoHrig  is  the  technique  o 
fi  a hole  that  has  been  cast  in  the 

pit  or  that  has  already ^been 
already  drilled  hole  is  finished  to  close 
tolerance  (how  much  a part  may  differ  in 
S!:  and  shape  and  still 

Slmira^lready  drilled  hole,  this  is 
^iied  tamiing.  All  these  techniques  are  usu- 


Story  of  Basic  Machine  Tools 

ally  done  with  drilling  tools  and  machines 
Fig.  80-3.  They  can  also  be  done  on  many 
different  kinds  of  other  basic  machine  tools 
and  special  machine  tools. 


Turning 

Taming  is  a “ 

ing  is  a lot  like  peeling  an  WP'®  ^ f. 
The  lathe  is  the  basic  machine  tool  that 

used  for  turning.  Fig.  80-4. 


Fig,  80-3.  Drilling  machines  come  in  many  different 
sizes.  This  drill  has  multiple  spindles. 


Fiq  80-4.  This  lathe  is  turning  down  a piece  of  metal. 
The  white  liquid  is  cooling  the  cutting  too 
so  it  will  work  at  its  best. 
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Milling 

Milling  is  a technique  that  rotates  a round 
cutter  with  several  cutting  edges  to  shape 
metal  parts,  Fig.  80-5.  Milling  metal  is  a lot 
like  cutting  wood  with  a hand  saw.  The  only 
difference  is  that  the  cutter  is  moving  all 
the  time.  Both  techniques  make  chips.  If 
teeth  are  cut  into  gear  wheels,  this  is  called 
hobbing,  Fig.  80-6. 


Grinding 

Grinding  is  a technique  that  shapes  a 
piece  of  metal  by  holding  it  against  a turning 
abrasive  (rough)  wheel.  Fig.  80-7.  Grinding 
is  also  called  abrading,  or  abrasive  machin- 
ing. If  an  already  drilled  hole  is  made  larger 
by  a turning  abrasive  wheel,  this  is  called 
honing.  If  the  surface  of  a metal  part  is 
smoothed  and  polished  to  a very  fine  finish, 
this  is  called  lapping. 


Planing  and  Shaping 

Planing  and  shaping  metal  is  a lot  like 
planing  wood  with  a carpenter’s  hand  plane. 
A planer  has  a fixed  cutting  tool,  and  the 
metal  is  moved  back  and  forth  under  it.  In 


Fig.  80-5.  This  milling  machine  cuts  down  both  ends 
of  an  engine  block  at  the  same  time.  The 
engine  block  is  pinned,  clamped,  and 
wedged  to  hold  it  against  the  cutter  edges. 


shaping,  the  metal  is  held  still,  and  the  tool 
moves.  If  a narrow  groove  (slot)  is  cut  into 
the  metal  by  a special  planing  and  shaping 
machine,  this  is  called  slotting,  Fig.  80-8. 
Planers  are  usually  large  machines  that  are 
abl'e  to  smooth  or  shape  metal  surfaces  15 
to  20  feet  wide  and  30  to  40  feet  long. 


Fig.  80-6.  A special  machine  tool  may  be  a gear- 
hobbing  machine.  This  machine  hobs  two 
tractor  gears  at  the  same  time. 


Fig.  80-7.  A dry-carbide  grinding  technique  with  a 
diamond  wheel  is  used  on  this  tool  and 
cutter  grinder  to  sharpen  this  mill  cutter. 
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Special  Machine  Tools 

Special  machine  tools  are  the  ones  that 
have  been  made  to  extend  (add  to)  the  work 
done  by  the  basic  machine  tools.  They  often 
do  what  man  used  to  do  by  hand.  One  set  of 
these  special  machine  tools  does  the  work 
the  blacksmith  used  to  do.  These  include 
the  mechanical  and  hydraulic  press,  the 
press  brake,  the  shear,  the  drop  hammer, 
the  forging  machine,  and  the  punch  press. 
Fig.  80-9. 

There  are  also  special  machine  tools  that 
are  used  to  make  gears  (Fig.  80-6),  assem- 
bly machines,  inspection  machines,  and 
many  other  new  machines  and  machine 
tools.  Special  new  machines  are  being  devel- 
oped every  day  that  require  special  machine 
tools  to  make  them. 

The  Scope  of  the  Machine 
Tool  Industry 

The  machine  tool  industry  is  quite  small 
when  you  compare  it  to  the  giant  industries 
that  use  its  products.  There  are  not  more 
than  75,000  people  working  in  the  machine 
tool  industry.  Shops  with  6,000  workers  are 
as  rare  as  those  with  20  or  less.  The  average 
number  of  workers  in  a machine  tool  manu- 
facturing plant  is  between  200  and  250. 

The  biggest  product  of  the  machine  tool 
industry  is  its  engineering  skills  and  knowl- 


Fig.  80-8.  A vertical  slotter  is  a special  kind  of 

planing  and  shaping  machine.  This  machine 
is  shaping  a'  part  for  a ship. 


edge.  After  all,  engineers  are  the  ones  who 
build  the  machine  tools  that  lower  costs, 
solve  problems,  and  help  to  make  better 
products. 

More  than  90  percent  of  the  machine  tools 
are  made  in  the  eastern  half  of  the  U.S.  to- 
day. The  West  Coast,  though,  is  making 
more  and  more  machine  tools  all  the  time. 
The  states  of  Wisconsin,  Illinois,  Indiana, 
Ohio,  Michigan,  Kentucky,  Tennessee,  Ala- 
bama, and  Mississippi  make  two-thirds  of 
all  machine  tools. 

Machine  Tools  in  Manufacturing 

Machine  tools  have  taken  a great  deal  of 
the  physical  work  away  from  the  man  who 
runs  the  machine.  It  is  the  machine  that  now 
does  the  work.  The  most  a man  might  have 
to  do  is  to  load  the  machine.  Fig.  80-10. 

Machine  tools  are  made  in  many  different 
sizes.  There  are  many  different  jobs  they 
can  do.  Their  cost  often  depends  on  how 
hard  or  complex  (complicated)  the  job  is 
that  they  are  supposed  to  do.  There  are 
more  than  500  different  machine  tools.  The 
number  of  jobs  they  can  do  is  a great  deal 
more  than  500,  since  most  machines  can  do 
several  jobs  with  the  right  kind  of  attach- 
ments. 


Fig.  80-9.  This  huge  700-ton  press  is  a special  machine 
tool.  It  is  used  to  form  automotive  body 
components. 
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Precision  (correctness  in  size  and  shape) 
has  increased  a great  deal  in  manufactur- 
ing. In  1915,  it  was  great  if  you  could  be 
precise  to  one-thousandth  of  an  inch.  Today, 
precision  to  one-millionth  of  an  inch  is  com- 
mon. Think  how  precise  a machine  tool  must 
be  made  in  order  for  it  to  make  parts  that 
are  precise  to  one-millionth  of  an  inch ! See 
Fig.  80-11. 

Machine  tools  have  made  progress  possi- 
ble in  manufacturing.  They  have  made  pre- 
cision and  interchangeable  parts  (identical 
parts)  possible,  Fig.  80-12.  They  have  in- 
creased savings  in  time  and  hand  work.  Be- 
cause of  machine  tools,  there  have  been 
more  jobs  in  the  skilled  machine  trades. 


Machine  Tools  in  the  Future 

The  key  to  machine  tools  in  the  future  is 
automation  (machines  run  by  other  ma- 
chines), Fig.  80-13.  Machines  will  be  run 
and  controlled  by  computers.  They  will 
make  more  parts  with  greater  precision  in  a 
shorter  length  of  time.  But  it  will  always  be 
man’s  mind  that  designs  the  computers  and 
the  computer  programs  to  run  other  ma- 
chines. 


Fig.  80-10.  This  giant  machine  tool  is  being  used  to 
turn  a part  for  a steam  turbine.  The  man 
who  runs  this  machine  stands  on  the 
platform  near  the  right  of  the  picture. 


Careers  with  Machine  Tools 

Machine  tools  hold  a great  future  for 
many  people.  We  are  not  only  going  to  need 
people  to  build  machine  tools,  but  also  to 
design  and  control  them.  There  will  be  jobs 
for  the  graduates  of  high  schools,  technical 
schools,  and  colleges.  These  jobs  will  exist 
in  all  phases  of  the  machine  tool  industry. 


Fig.  80-11.  This  measuring  machine  can  measure  to 
within  one  ten-thousandth  of  an  inch 
I.OOOrV  The  man  is  looking  at  the  buili-in 
optical  system  that  magnifies  the  part  up 
to  100  times  its  real  size. 


Fig.  80-12.  This  special  milling  machine  is  used  to 


make  identical  parts.  The  part  on  the  right 
is  the  original.  It  is  being  traced  to 
produce  the  part  on  the  left. 
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Fig,  80-13.  The  key  to  machine  tools  in  the  future  will 
be  automation.  A modern  manufacturing 
computer  center  will  be  commonplace. 


Summary 

Machine  tools  are  very  important  to  mod- 
ern manufacturing.  The  techniques  used 
with  basic  machine  tools  are  (1)  drilling  or 
boring,  (2)  turning,  (3)  milling,  (4)  grind- 
ing, and  (5)  shaping  or  planing.  Special  ma- 
chine tools  add  a great  deal  to  the  kinds  of 
work  that  can  be  done  by  the  basic  machine 
tools. 
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Terms  to  Know 

primary  manufacturers  portable 
components 
assemble 
machine  tool 
abrasive 
impact 
pressure 

basic  machine  tools 
special  machine  tools 
drilling 
boring 
turning 
milling 
grinding 
planing 
shaping 
rotating 


Think  About  It! 

1.  List  five  parts  of  an  automobile  that  were 
manufactured  using: 

a.  basic  machine  tool  techniques; 

b.  special  machine  tool  techniques;  and 

c.  a combination  of  basic  and  special  ma- 
chine tool  techniques. 

2.  Suppose  you  were  interested  in  a future 
in  the  machine  tool  industry.  What 
courses  would  you  take  in  high  school  to 
help  you  prepare  for  the  industry  ? What 
would  you  study  beyond  high  school? 
Why? 


reaming 

tapping 

bobbing 

tolerance 

abrading  (abrasive 
machining) 
honing 
lapping 
groove 
slotting 
extend 
complex 
precision 
interchangeable 
parts 

automation 
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Machine  Tools 


Basic  Machine  Tools 
make 


basic  machine  tools 
and  special 
machine  tools 


which 

separate  and  form 
materials 
to  make 


parts  and  components 


and 

combine  components 


into  products 
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In  the  last  reading,  you  learned  about 
basic  and  special  machine  tools.  Today  you 
will  learn  about  rubber  products.  These  are 
products  that  you  use  each  day.  If  you  rode 
to  school  today  in  a car  or  school  bus,  you 
rode  on  rubber  tires.  Tires  are  one  of  the 
most  common  everyday  products  made  from 
rubber.  In  this  reading,  you  will  learn  how 
many  different  products  are  made  from  rub- 
ber, Fig.  81-1. 

A World  Without  Rubber 

What  would  happen  if  rubber  disappeared 
overnight?  First,  you  might  oversleep  be- 
cause your  electric  alarm  clock  wouldn’t 
work  right  without  its  rubber  parts.  You 
might  not  have  any  hot  water  to  wash  with 
because  the  faucets  would  run  all  night 
without  their  rubber  washers.  You  might 


Fig.  81-1.  Many  products,  are  made  from  rubber. 
Some  of  the  more  common  ones  are 
shown  here. 


try  to  phone  the  plumber,  but  you  couldn’t 
do  this  if  all  the  rubber  parts  were  gone 
from  your  phone. 

Well,  you  say,  the  day  wouldn’t  be  lost. 
You  could  always  get  dressed  and  go  to 
school.  Problems  again!  Your  underclothes 
and  socks  wouldn’t  stay  up  without  the 
rubber  elastic  in  their  tops.  Your  shoes 
would  feel  funny  without  their  rubber  heels 
and  soles.  Look  at  your  wash-and-wear 
clothes!  Without  the  rubber  used  in  treat- 
ing the  cloth  they  are  made  from,  they 
would  have  to  be  ironed  before  you  could 
put  them  on. 

The  story  could  go  on  and  on.  Think  about 
the  rubber  products  in  your  family  car,  in 
your  school,  and  in  the  rest  of  your  com- 
munity. For  instance,  what  would  your  phys- 
ical education  class  be  like  without  rubber 
soles  on  your  gym  shoes,  or  without  rubber 
footballs  and  basketballs?  Let’s  take  a look 
now  at  how  some  of  these  rubber  products 
are  made. 


Fig.  81-2.  Without  rubber,  you  could  not  use  the 
family  car.  This  hard  battery  case  is  a 
molded  rubber  product. 


-- 
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Uses  for  Rubber 

Rubber  has  many  uses.  It  can  be  made 
hard  enough  for  bowling  balls  and  car  bat- 
tery cases,  Fig.  81-2,  or  soft  enough  for  pil- 
lows and  cushions.  Some  rubber  products 
like  raincoats  shed  water,  while  others  like 
sponges  soak  water  up.  Rubber  can  be  stiff 
for  bumper  guards,  or  it  can  stretch  for 
rubber  bands,  Fig.  81-3.  It  can  keep  electric 
current  from  passing  through  it,  or  it  can 
let  the  current  through.  Rubber  can  be 
made  to  last  for  thousands  of  miles  in  tires, 
or  it  can  be  made  to  wear  out  in  a few  rubs 
of  a pencil  eraser. 


The  Sources  of  Rubber 

There  are  two  types  of  rubber:  natural 
rubber  and  synthetic  (man-made)  rubber. 
Natural  rubber  comes  from  the  latex  (sap) 
of  a tropical  rubber  tree.  There  are  other 
plants,  like  Russian  dandelions  and  milk- 
weeds, that  also  contain  latex.  Synthetic 
rubber  is  usually  made  from  crude  oil  or  al- 


cohol. Let’s  now  take  a look  at  the  tech- 
niques used  to  manufacture  rubber  prod- 
ucts. 

Preparation  of  Rubber  Materials 

To  make  rubber  products,  it  doesn’t  make 
much  difference  whether  the  rubber  is  nat- 
ural or  man-made.  If  the  rubber  is  natural, 
it  is  tapped  from  the  rubber  trees  and  made 
into  curds  by  adding  acid  to  it.  From  these 
curds,  several  different  kinds  of  crude  rub- 
ber can  be  made.  Pale  crepe  is  squeezed  be- 
tween rollers  and  then  hung  to  dry.  Ribbed 
smoke  sheet  is  dried  in  the  smoke  of  a wood 
fire.  The  dried  latex  is  then  pressed  into 
bales  for  shipping. 

Man-made  rubber  is  made  by  mixing 
butadiene  (a  form  of  crude  oil),  styrene, 
soap,  and  small  amounts  of  several  other 
materials.  This  mixture  is  stirred  under 
pressure  (force)  and  comes  out  as  latex. 
Like  natural  latex,  this  man-made  latex  is 
then  made  into  curds  by  adding  acids  to  it. 
It  is  then  dried  and  baled. 


Fig.  81-3.  Rubber  is  also  used  to  make  rubber  bands. 

Rubber  bands  come  in  many  different  sizes. 


20%  Rubber 
80%  Zinc  oxide 


Other 

ingredients 


Rubber 

Step  Two: 

Mix  masterbatch 
with  rubber 
in  correct 
proportions  to 
yield  required 
final  compound 


Fig.  81-4.  This  large  Banbury  mixer  blends  the  many 
different  rubbers  and  chemicals  together. 

It  makes  a compound  that  has  the  right 
physical  features  for  the  product  being  made. 
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Making  Industrial  Rubber  Products 

In  order  to  make  rubber  into  standard 
stock  forms,  it  must  first  be  made  into  a 
compound.  Most  compounds  are  made  by 
mixing  both  natural  and  man-made  rubbers 
with  other  materials.  When  the  baled  rub- 
ber gets  to  the  rubber  plant,  it  is  unpacked 
and  cut  up.  The  cut-up  rubber  is  then  heated 
to  make  it  pliable  (easy  to  bend  and  fold). 
The  pliable  rubber  is  then  fed  into  a ma- 
chine that  grinds  it  into  fine  pieces.  These 
fine  pieces  of  rubber,  along  with  carefully 
measured  amounts  of  pigment  (color),  oils, 
and  other  chemicals,  are  then  fed  into  a 
Banbury  mixer,  Fig.  81-4.  In  this  mixer,  the 
rubber  is  made  into  a compound  that  has  the 
right  physical  features  for  the  finished 
product  being  made.  The  Banbury  mixer 
forms  sheets  of  standard  rubber  stock. 
These  stock  sheets  can  then  be  used  to  make 
a large  number  of  finished  products.  An- 
other common  standard  rubber  stock  form 
would  be  extended  (stretched-out)  shapes, 
like  those  used  to  make  rubber  moldings, 
seals,  or  gaskets. 


Making  of  Components  or 
Finished  Rubber  Products 

After  the  crude  rubber  has  been  made  into 
a special  type  of  compound,  it  can  be  made 
into  components  (parts)  or  finished  prod- 
ucts. There  are  five  major  kinds  of  rubber 
products.  They  are  (1)  dipped  products  like 
rubber  gloves,  (2)  molded  products  like  hot 
water  bottles,  (^)  reinforced  products  Wke 
tires  and  boots,  (4)  stamped  {cut)  products 
like  rubber  aprons,  and  (6)  foam  products 
like  pillows  and  coat  linings.  Many  other 
products,  like  adhesives  (glues)  are  classed 
as  chemical  products,  not  rubber  products. 


Dipped  Products 

Liquid  latex,  with  pigments  and  other 
chemicals  added,  is  used  to  make  dipped 


nibber  products.  A mold  is  used  to  make  a 
dipped  product  like  rubber  gloves.  First,  a 
porcelain  mold  is  covered  with  a salt  solu- 
tion and  allowed  to  dry.  After  it  is  dried,  it 
is  dipped  into  a tank  of  liquid  latex.  The 
liquid  sticks  to  the  mold.  The  longer  the 
mold  is  held  in  the  tank,  the  thicker  the 
layers  of  latex  get.  When  the  mold  is  pulled 
out  of  the  tank  of  liquid  latex,  it  is  swirled 
to  take  off  any  latex  from  the  tips  of  the 
mold.  After  the  liquid  latex  sets  (dries),  it 
is  heated  under  pressure  to  harden  and 
strengthen  it.  It  is  then  stripped  from  the 
mold.  Some  dipped  products  like  insulated 
pliers  are  dipped  directly.  The  molds  used 
are  the  plier  handles  themselves. 


Molded  Products 

Many  rubber  products  like  hot  water 
bottles  are  formed  by  molding,  Fig.  81-5.  In 
this  process,  the  liquid  latex  is  poured  into  a 
mold  that  has  the  shape  of  the  finished 
product.  The  mold  is  then  heated  under  pres- 
sure. The  finished  hot  water  bottle  comes  out 
of  the  mold  hardened  and  ready  to  be  used. 
Molded  rubber  products  include  boat  bump- 


Fig.  81-5.  Molded  rubber  products  come  in  many 
different  sizes  and  shapes. 
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Fig.  81-6.  Tire  manufacturers  use  a great  deal  of 

rubber.  This  giant  tire  was  made  to  be  used 
on  earth-moving  machines. 


ers,  battery  cases  (Fig.  81-2)  and  other 
parts  for  cars,  and  many  different  parts  for 
subassemblies. 

Reinforced  Products 

There  are  many  reinforced  rubber  prod- 
ucts that  you  see  every  day.  Some  of  these 
are  garden  hose,  friction  tape,  and  tires  for 
cars,  trucks,  and  airplanes,  Figs.  81-6  and 
81-7.  A reinforced  product  is  made  of  rub- 
ber that  has  had  some  material  added  to  it 
to  give  it  shape  or  strength.  This  process  is 
often  called  laying-up.  A rubber  garden 
hose  is  made  this  way. 

First,  the  correct  rubber  compound  is 
forced  through  a die  (extruded)  in  the 
shape  of  a long  tube.  The  tube  is  then  cov- 
ered with  cotton  cord.  Then  the  cord-covered 
tube  is  covered  with  another  layer  of  rubber. 
The  inside  of  the  hose  is  then  covered  with 
lead.  The  lead-covered  hose  is  then  put  into 
a machine  that  hardens  and  strengthens  it 
(cures)  with  high-pressure  steam.  After  it 
has  been  cured,  the  lead  is  split  off  the 


Fig.  81-7.  New  tires  for  trucks  move  along  a 

conveyor  between  banks  of  molds  in  a 
tire  production  plant. 


Fig,  81-8.  One  of  the  many  reinforced  rubber 

products  is  hose.  Fire  hose  is  made  to 
withstand  high  pressure  and  wear  and  tear. 
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finished  hose.  Thus  the  lead  can  be  melted 
down  to  use  in  making  another  hose.  Some 
high-pressure  hoses  have  to  have  several 
layers  of  cording  or  wire  in  order  to  make 
them  strong  enough  to  be  used,  Figs.  81-8 
and  81-9. 

Many  reinforced  rubber  products  use 
other  materials  that  have  had  a thin  coat  of 
rubber  put  on  top  of  them.  This  process  of 
putting  a thin  coat  or  sheet  of  rubber  on  the 
outer  layer  of  another  material  is  called 
calendering.  Rubber-coated  fabrics  (cloth) 
are  the  most  common  reinforced  products 
made  this  way. 


Stamped  (Cut)  Products 

Rubber  heels  and  soles  for  your  shoes, 
Fig.  81-10,  rubber  washers,  and  rubber 
bands  are  all  stamped  (cut)  rubber  prod- 
ucts. These  stamped  (cut)  products  are 


Fig.  81-9.  Another  reinforced  rubber  product  is  the 
hose  used  to  put  gasoline  into  your  car. 
This  hose  must  withstand  the  chemical 
action  of  the  gasoline. 


made  from  sheets,  tubes,  or  other  solid 
pieces  of  rubber.  Rubber  bands,  for  in- 
stance, are  made  from  slices  of  tubing.  Fig. 
81-3.  Rubber  washers  are  made  the  same 
way,  except  that  the  wall  of  the  tube  may 
be  a great  deal  thicker.  Many  rubber  prod- 
ucts are  first  cut  and  then  later  put  into 
molds  where  they  get  their  final  finished 
shape.  After  stamped  (cut)  products  are 
shaped,  they  are  cured  with  heat  and  pres- 
sure. 


Foam  Products 

Foam  rubber  products  have  become  very 
common  in  the  last  several  years.  Foam  rub- 
ber is  made  by  mixing  liquid  latex  with  air 
in  high-speed  machines  called  aerators.  The 
foam  froth  is  then  poured  or  piped  straight 
into  the  molds.  The  molds  are  then  taken  by 
conveyors  to  a steam  chest  where  they  are 
hardened  and  strengthened. 

You  can  buy  foam  rubber  by  the  yard,  by 
the  piece,  or  by  the  pound.  You  can  also  buy 
it  as  shredded  foam.  Foam  rubber  is  used  to 
make  pillows,  seat  cushions,  carpet  padding. 


Fig.  81-10.  In  the  near  future,  more  shoes  will  be 

stamped  (cut)  from  rubber.  This  worker’s 
responsibility  is  to  inspect,  then  stack  the 
die-cut  soles  before  shipment  to  shoe 
manufacturers  across  the  country. 
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Fig.  81-11,  and  many  other  products  where 
the  customer  wants  softness  and  comfort. 


Rubber  Today  and  in  the  Future 

In  the  U.  S.  today,  on  the  average,  more 
than  26  pounds  of  rubber  are  used  each  year 
by  every  man,  woman,  and  child.  This  is  not 
true  outside  the  U.  S.  In  the  rest  of  the 
world,  each  person  uses  less  than  three 
pounds  of  rubber  each  year.  By  1975,  the 
number  of  rubber  products  in  the  U.  S.  is 
expected  to  increase  by  64  percent  com- 
pared to  1968  standards. 


Summary 

Rubber  plays  an  important  part  in  our 
lives.  Rubber  can  be  natural  or  man-made. 
Many  of  our  rubber  products  have  been 


Fig,  81-11,  Foam  rubber  is  molded  into  carpet 

padding,  A paddod  carpet  lasts  longer,  and 
it  is  soft  and  comfortable  to  walk  on. 


dipped,  molded,  reinforced,  stamped  (cut), 
or  foamed.  The  importance  of  rubber  is 
growing  each  day.  Both  natural  and  man- 
made rubber  work  well  in  the  manufacture 
of  major  rubber  products,  as  well  as  in  the 
manufacture  of  smaller  parts  that  are  used 
as  parts  for  larger  products. 


Terms  to  Know 

synthetic 

latex 

pale  crepe 
ribbed  smoke  sheet 
butadiene 
pressure 
compound 
pliable 
pigment 
Banbury  mixer 
extended 
components 
dipped  rubber 
products 
molded  rubber 
products 


reinforced  rubber 
products 

stamped  (cut)  rubber 
products 

foam  rubber  products 

adhesives 

sets 

molding 

laying-up 

extruded 

cures 

calendering 

fabrics 

aerators 


Think  About  It ! 

1.  You  use  many  products  every  day.  List 
all  the  products  you  have  used  today  that 
are  made  of  rubber  or  that  contain  rub- 
ber parts. 

2.  Figure  81-10  in  this  reading  says  that 
more  shoes  will  be  made  from  rubber  in 
the  near  future  than  are  now  made  from 
rubber  or  rubber  parts.  What  other  prod- 
ucts or  components  are  made  of  materials 
that  will  be  replaced  by  rubber  or  rub- 
ber parts? 


r\ 

\J 


|; 

f. 

I 

■ tv 

>y 


Story  of  Rubber  Products 


-Dipping 

-Molding 

-Reinforcing 

-Stamping  or  cutting 
-Foam  processing 
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When  most  people  think  of  the  telephone, 
they  think  of  the  familiar  instrument  that 
sits  on  a desk  at  the  office  or  on  a table  at 
home.  Your  home  or  office  phone  is  really  just 
the  first  chapter  in  the  story  of  the  tele- 
phone. 

Your  home  or  office  phone  is  somewhat 
like  an  iceberg.  Most  (91%)  of  the  iceberg 
is  under  water  where  it  can’t  be  seen.  Like 
the  topmost  part  of  the  iceberg,  your  phone 
is  just  a small  part,  though  a very  visible 
one,  of  a huge  telephone  network.  Most  of 
the  machines  that  make  up  this  network  are 
hardly  ever  seen  by  the  public. 


The  Telephone  Network 

By  itself,  your  home  or  office  phone  is 
useless.  If  its  wires  were  cut,  it  would  be 
just  a big  paperweight.  When  it  is  connected 
to  the  telephone  network,  it  becomes  one  of 
your  most  important  and  useful  tools.  You 
can  use  your  phone  to  reach  a great  num- 
ber of  other  phones  in  this  country.  You 
never  see  most  of  the  network  that  runs 
the  part  you  do  see,  but  like  the  rest  of  the 
iceberg,  it  is  there. 

Your  home  or  office  phone  set  is  connected 
by  wires  to  a phone  company  central  office, 
Fig.  82-1.  This  central  office  is  in  turn  con- 
nected by  trunk  lines  to  other  central  offices 
and  to  long-distance  centers  called  toll  of- 
fices, Fig.  82-2. 

A telephone  network  is  made  up  of  three 
major  kinds  of  equipment.  They  are  (1) 
stations,  (2)  connecting  circuits,  and  (8) 
sxoitching  centers.  Fig.  82-3.  A station  may 
be  a telephone  set  or  perhaps  some  other 
device  like  a teletypewriter  or  a data  set. 


Story  of 
the  Telephone 


These  stations  are  connected  by  circuits 
(paths  that  electric  currents  follow)  to 
switching  centers.  There,  computer-like  ma- 
chines figure  out  the  exact  route  that  a 


Fig.  82-1.  This  is  what  the  inside  of  a central  office 
looks  like.  There  are  long  aisles  lined  with 
frames  of  switching  equipment. 
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Fig.  82-2.  This  electronic  Translator  System  is  a solid- 
state  system  that  is  electronically  controlled. 
It  is  used  to  control  the  switching  systems 
in  some  of  the  toll  offices. 
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phone  call  must  take.  Then  they  set  up  the 
connections  that  link  each  station  along  the 
route.  Central  and  toll  offices  are  switching 
centers.  The  connecting  circuits  may  include 
wire  or  cable,  coaxial  cable,  short  wave  ra- 
dio, microwave  relay  stations  (Fig.  82-4), 
cables  that  cross  under  oceans,  and  com- 
munications satellites  in  the  sky. 

The  stations,  switching  centers,  and  con- 
necting circuits  must  all  work  together 
smoothly  if  you  are  to  complete  a phone 
call.  All  of  this  equipment  (literally  bil- 
lions upon  billions  of  separate  parts)  is 
linked  together  through  a single  nationwide 
network.  This  network  could  be  thought  of 
as  one  big  machine,  or  as  a giant  computer : 
the  world’s  biggest  computer!  Its  job  is  to 
pass  data  (information)  between  millions 
of  separate  stations.  These  data  can  take 
many  different  forms : voice,  visual,  written, 
or  drawn  data.  In  your  home  or  office,  you 
can  take  command  of  this  computer  by  just 
spinning  a telephone  dial.  This  giant  com- 
puter is  simple  and  easy  to  use. 

The  story  of  the  telephone  is  the  story  of 
this  big  machine  and  the  industry  that  de- 


Fig.  82-3.  All  telephone  networks  ore  mode  up  of 
three  types  of  equipment:  the  stations 
{telephone  sets),  the  connecting  circuits, 
and  the  switching  centers. 


signs,  builds,  and  runs  it.  The  telephone  in- 
dustry is  made  up  of  the  Bell  System  and 
its  companies,  and  about  2,000  independent 
phone  companies. 

The  whole  telephone  industry  employs 
slightly  more  than  one  percent  of  the  total 
work  force  in  this  country.  More  than  half 
of  its  workers  are  women.  Figs.  82-5  and 


Fig.  82*4.  Microwave  radio  relay  towers,  like  this 
remote  station  in  the  Southwest,  move 
phone  calls  from  station  to  station  as  line- 
of-sight  radio  transmissions. 


Fig.  82>5.  Here  you  see  a long-distance  operator  at 
work.  As  machines  took  over  the  physical 
job  of  switching  phone  calls,  operators 
could  spend  more  of  their  time  helping 
telephone  customers. 
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82-6.  Of  course,  only  a small  part  of  the 
whole  industry  works  in  the  direct  manu- 
facture of  phone  parts  and  network  equip- 
ment, Figf.  82-7.  In  1967,  the  independent 
phone  companies  employed  more  than  100,- 
000  workers.  The  Bell  System  itself  em- 
ployed more  than  840,000  workers.  In  that 
year,  only  the  federal  government  employed 
more  people  than  the  phone  companies. 

All  of  these  companies.  Bell  and  non-Bell, 
are  linked  up  through  the  Bell  System’s 
nationwide  switching  network.  Thus  you 
can  make  a call  from  your  phone  to  any 
other  phone  in  this  country  without  even 
knowing  that  your  call  is  going  through  the 
lines  of  other  phone  companies. 

In  this  network  there  are  switching  cen- 
ters in  8,000  different  places.  There  are  more 
than  700  million  miles  of  connecting  cir- 
cuits. There  are  five  million  billion  (6  fol- 
lowed by  16  zeroes)  possible  different  sta- 
tions that  can  be  linked  up  in  this  network. 

R & D Yields  New  Products 

In  1948,  Bell  Labs  set  up  a small-scale 
customer  trial  of  push-button  phones.  Users 


Fig.  82*6.  This  telephone  operator  is  giving  a 
customer  "directory  assistance" 
(information).  This  is  one  of  the  many 
workers  in  the  Bell  System.  Notice  that 
she  is  using  a list  of  emergency  numbers 
and  numbers  that  ore  often  called. 


liked  them,  but  these  phones  could  not  be 
mass-produced  bec'ause  of  their  size  and 
cost.  The  use  of  the  transistor  invented  by 
Bell  Labs  cut  down  both  the  cost  and  the 
size  of  the  push-button  phone.  Fig.  82-8. 


Fig.  82-7.  Telephone  company  workers  install  and 

repair  equipment  in  the  customer's  home  or 
office.  In  this  picture,  the  worker  is  installing 
a wall  telephone. 


Fig.  82-8.  This  is  a close-up  of  the  standard  12-button 
Touch-tone®  telephone  set.  The  * and 
buttons  are  not  yet  being  used,  but  they 
will  be  needed  for  new  services  that  will 
come  into  use  with  ESS. 


The  Touch-Tone®  telephone  uses  a differ- 
ent and  faster  form  of  signaling  than  the 
dial  phone.  It  also  sends  the  digits  (num- 
bers) into  a central  office  much  faster.  It 
would  cost  too  much  to  replace  all  the 
central  office  equipment  now  being  used. 
Thus  a T6ceiv€v-conv6vt€T  is  needed  to  turn 
the  Touch-Tone®  signals  into  a form  that 
can  be  used  by  central  office  equipment. 

Human- factors  engineers  had  to  find  out 
how  to  make  it  easy  for  people  to  use  the 
push-button  phones.  They  had  to  find  out 
such  things  as  the  best  arrangement  for  the 
buttons,  their  size  and  shape,  and  the  force 
needed  to  make  them  work.  Their  designs 
were  then  turned  into  prototypes  in  the 
Telephone  Model  Shop  at  Western  Electric’s 
Indianapolis  plant. 

As  these  changes  were  being  made,  cus- 
tomer trials  were  set  up  in  two  towns.  There, 
Touch-Tone®  phones  were  offered  in  many 
different  styles  and  colors.  These  trials  were 
successful,  and  so  the  new  phone  went  into 
full-scale  production. 

The  engineers  at  Western  Electric  and  the 
Bell  Labs  worked  closely  together  on  this 
project.  They  kept  each  other  informed  of 
desigrn  progress  and  manufacturing  needs 
and  problems.  This  cut  down  on  the  time  be- 
tween the  choice  of  the  final  design  and  the 
shipment  of  the  finished  products  to  the 
phone  companies. 


Production  of  Equipment 

It  would  take  far  too  long  to  describe 
each  step  of  the  production  of  the  Touch- 
Tone®  phone  and  the  equipment  needed  to 
make  it  work.  “On-line”  and  automated  ma- 
chines are  used  a great  deal  at  Western 
Electric’s  Indianapolis  plant  where  the 
phone  parts  are  made.  Most  of  the  parts 
used  in  assembling  the  phones  are  made 
right  at  the  plant  by  such  mass-production 
techniques  as  die  casting,  stamping,  and 
injection  molding.  Fig.  82-9.  Power  tools  are 
used  a great  deal  in  assembly.  Parts,  sub- 
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assemblies,  and  the  finished  products  are 
all  tested  for  quality  control.  Fig.  82-10. 

Western  Electric  uses  nearly  every  known 
production  technique,  including  several 
that  are  unique  to  or  were  first  used  in  tele- 


Fig.  82-9.  This  shows  the  752  separate  ports  of  the 
Touch-Tone®  telephone  grouped  together 
into  the  major  subassemblies. 


Fig.  82-10.  This  is  the  find  inspection  of  a completely 
assembled  Touch-Tone®  Trimline 
telephone.  Parts  and  subassemblies  of 
each  telephone  are  also  tested  for  quality 
control  at  eoch  step  of  the  manufacturing 
process. 
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phone  manufacture,  Fig.  82-11.  Of  the  more 
than  100  known  chemical  elements,  all  but 
seven  are  used  in  some  stage  of  manufac- 
ture or  research  at  Western  Electric. 

The  Telephone  Industry  of  Tomorrow 

There  is  challenge  and  change  ahead  for 
the  telephone  industry.  The  need  for  send- 
ing and  receiving  data  is  growing  all  the 
time.  More  people  are  using  machines  to 
send  and  receive  data.  More  machines  are 
being  used  to  send  and  receive  data  from 
each  other.  Computers  can  be  linked  to- 
gether through  the  telephone  network  so 
that  they  can  exchange  huge  amounts  of 
data  at  very  high  speeds. 

The  use  of  computer  timesharing  is  also 
increasing.  Many  small  colleges,  businesses, 
and  research  labs  need  modern  computer 
services,  but  very  few  can  afford  to  install 
a costly  computer  of  their  own.  What  they 
usually  do,  then,  is  to  agree  to  take  turns 
using  one  central  computer.  They  share  the 
cost  according  to  the  amount  of  time  they 


Fig.  82-11.  This  is  the  in-plant  production  of  a very 

basic  row  material,  electrical-grade  copper. 
A technique  of  producing  this  rod  by 
continuous  casting,  rather  than  in  batches, 
has  been  developed. 


use.  This  is  called  computer  timesharing. 
Each  user  has  a teletypewriter,  data  set, 
or  some  other  station  set  that  is  linked  to 
the  central  computer  through  the  telephone 
network. 

Electronic  Switching  Systems  (ESS)  are 
already  at  work  in  some  Bell  System  cen- 
tral offices.  These  systems  use  solid-state 
circuits  and  stored  program  control,  Fig. 
82-12.  Stored  program  control  makes  it  pos- 
sible for  ESS  to  grow  and  change.  When 
new  services  are  offered  by  an  electronic 
central  office  of  the  future,  the  only  thing 
that  will  have  to  be  changed  will  be  its  pro- 
gram. Its  equipment  will  not  have  to  be 
rewired,  as  it  must  be  in  the  present  central 
office  when  new  services  are  set  up. 

ESS  will  not  replace  the  present  switch- 
ing systems  overnight.  It  will  probably  take 
several  decades  to  complete  the  changeover. 
The  present  systems  will  only  be  replaced 
as  they  reach  the  end  of  their  usefulness. 
This  kind  of  gradual  growth  and  change 
has  been  typical  of  the  telephone  industry 
in  the  past  100  years. 

The  pace  of  research  in  the  industry  is 
also  growing  rapidly.  Such  new  develop- 
ments as  the  integrated  circuit  and  video- 
phone hold  gi’eat  promise  for  the  telephone 


Fig.  82-12.  The  direcMan  af  the  future  in  the 

electranics  industry  can  be  seen  in  this 
assembly  line.  New  techniques  mean  that 
new  material  handling  and  processing 
techniques  will  be  needed. 
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industry  of  the  future,  Fig.  82-13.  Research- 
ers are  already  exploring  the  possible  use 
of  the  laser  in  telephone  manufacture,  Fig. 
82-14. 


Fig.  82-13.  This  is  o Picture-Phone®.  This  phone  is 

still  being  tested  in  research  experiments. 


Fig.  82-14.  This  is  one  of  the  earliest  uses  for  the 
laser  in  telephone  manufacture.  Tho 
laser  is  being  used  to  pierce  a hole  in 
the  diamond  die  used  for  drawing 
fine  wire. 


Summary 

A telephone  network  is  made  up  of  three 
types  of  equipment.  These  are  (1)  stations, 
(2)  circuits,  and  (3)  switching  centers. 
Each  piece  of  equipment  must  work  smooth- 
ly with  every  other  piece  for  people  to  be 
able  to  use  this  network.  This  whole  net- 
work can  be  thought  of  as  one  big  ma- 
chine, or  as  a giant  computer. 

Slightly  more  than  one  percent  of  the 
total  work  force  in  this  country  works  in 
the  telephone  industry.  This  industry  is 
made  up  of  the  Bell  System  and  about  2,000 
independent  phone  companies.  All  these 
companies,  Bell  and  non-Bell,  are  linked  to- 
gether through  the  Bell  System’s  nationwide 
switching  network.  This  network  can  send 
and  receive  data  in  many  different  forms: 
voice,  visual,  written,  and  drawn  data. 

Research  in  the  telephone  industry  has 
changed  and  improved  the  phone  and  its  net- 
work of  equipment.  It  will  continue  to  do  so 
in  the  future. 

Nearly  every  known  production  technique 
is  used  in  the  manufacture  of  phones  and 
their  equipment.  These  techniques  range 
from  the  very  simple  to  the  very  compli- 
cated. 

There  is  challenge  and  change  ahead  for 
the  telephone  industry.  More  and  more  it 
will  be  used  as  a system  for  sending  and  re- 
ceiving data  between  people  and  machines 
and  between  machines  and  other  machines. 


Terms  to  Know 


central  office 
trunk  lines 
toll  offices 
stations 

connecting  circuits 
switching  centers 
data 

transistor 

digits 


receiver-converter 
hi. man-factors 
engineers 

computer  time-sharing 
electronic  switching 
systems  (ESS) 
circuits 
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Think  About  It! 

1.  What  is  the  name  of  your  local  telephone 
company?  Is  it  an  associated  company  of 
the  Bell  System?  Is  it  an  independent 
company? 


2.  This  reading  states  that  there  is  chal- 
lenge and  change  ahead  for  the  telephone 
industry.  What  are  some  of  these  chal- 
lenges? What  will  the  resulting  changes 
be? 


The  Telephone  Network 


Voice,  visual,  written, 
and  drawn  data  are  sent 
and  received. 


Abacus,  195 

Abrasive  machining,  498 
Abrasives,  350 

Accident  prevention,  175-181 
Adaptation,  to  change,  1 
Adhesive  bonding,  368,  386 
Adhesives,  364 
Advancement,  job,  25,  213 
221-225 

Advancement  practices,  210 
Advertising,  480 
Advertising  agency,  481 
Agriculture,  3,  10,  234 
Air,  source  of  materials,  239 
Alliance  for  Labor  Action,  228 
Allowances,  104 
Alloy,  276 

Alterations,  in  product,  414 
Altering,  258 
Aluminum  ore,  276 
American  Federation  of  Labor, 
228 

Animals  — 

domestication,  4 
as  materials  source,  232,  234 
Annealing,  335 
Anodizing,  381 
Appearance,  of  package,  478 
Appearance  mock-up,  68,  74 
Applied  research,  54 
Apprenticeship,  205,  218 
Arc  welding,  384 

Arithmetic,  as  computer  function, 
196 

Art,  6 

Assemblies,  making,  472-477 
Assembling,  463 
Assembly,  20,  254,  311,  362, 

396,  474 
checking,  165 
with  adhesives,  388 
Assembly  drawings,  98,  99 
Assembly-line  worker,  398 
Assembly  processes,  360-365 
Assets,  425 

Authority,  to  purchase,  188 
Automatic  machines,  14 


Automatiori,  129-134, 299,  472, 
490,  500 
Axes,  357 


Balance  sheet,  447 
Bank  loans,  443 
Bankruptcy,  485 
Bargaining,  labor-management, 
222,  229 
Bartering,  7,  9 
Basic  research,  53 
Batch  assembly,  397 
Batch  control,  158 
Bending,  474 

as  forming  process,  330 
as  process,  315 
Bids,  request  for,  186 
Bill  of  materials,  157 
Block  control,  159,  468 
Blow  molding,  332 
Bolts,  390 

Bonding,  310,  364,  368,  383,  388 
Bonds,  42,  444,  453 
Books,  416 
Boring,  497 

Bottle  making  machine,  325 
Brads,  389 

Braying,  368,  384,  387 

Brittleness,  335 

Brushing,  380 

Budgets,  143 

Bulking,  265 

Burden,  143 

Business  records,  446 

Butchering,  236,  267 

Bylaws,  corporate,  431 

By-products,  254,  264,  340,  350 


Calculator,  192 
Calendering,  507 
Capital,  20,  35 

corporate,  426,  429 
need  for,  444 
obtaining,  443-449, 453 
records  of,  448 

OOC  . 


Capitalism,  443 
Carbon,  in  fuels,  246 
Carbonation,  375 

Cards,  as  computer  input,  190, 195 
Cartons,  making,  408 
Case-hardening,  336 
Casting,  308,  313,  318,  325,  462 
non-metals,  324 
Catalysts,  297 
Catalytic  cracking,  293 
Cement,  387 
mixing,  370 

Central  processor,  computer, 

195, 196 

Centrifugal  casting,  323 
Ceramic  coatings,  379 
Channels,  marketing,  481 
Charter,  40,  429 
corporate,  424,  431 
Chemical  conditioning,  316 
Chemical  energy,  244 
Chemical  forming,  337 
Chemical  products,  296-305 
Chemical  reactions,  during 
mixing,  374 

Chemical  separating,  343,  355 
Chemist,  299 

Chemistry,  of  standard  stock,  274 
Chip  removing,  342,  344,  348-352 
Chips  — 

as  by-products,  350 
removing,  309 
Chisel,  349 
Cities,  growth  of,  14 
Classifying,  265 
Clay  model,  73 
Cleaning,  265 
Clerical  workers,  207,  437 
Climate,  and  plant  site,  171 
Cloth,  284 

Coating,  364,  367,  377,  382 
Cold  extruding,  329 
Cold-forming,  327,  336 
Cold-welding,  384 
Collator,  192 

Collective  bargaining,  212,  226, 
229, 231 
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Combine,  362 
Combining — 

assembly  as,  397 
practices  of,  364 
Combining  components,  310 
Combining  materials,  256 
Commercial  printing,  416 
Commission,  481 
Common  stock,  42,  453 
Communication,  1 

telephone  network,  511 
Competition,  19,  43,  51 
Components,  254,  364 

combining,  310,  366,  369 
make  or  buy,  450 
making,  472-477 
of  package,  480 
producing,  304-312 
securing,  459 
Composition,  420 

of  standard  stock,  273 
Compounding,  867,  375 
Compressing,  308,  309,  314,  326, 
332 

Compression  molding,  330 
Computers,  132, 192 
advantages  of,  199 
and  automation,  500 
controlling,  197 
future,  494 

and  production  control,  160 
in  quality  control,  163 
and  telephone  system,  514 
using,  195-201 
and  working  drawings,  101 

Concrete,  374 
Condensation,  298 
Conditioning,  309 
when  done,  338 
as  process,  316 
Conditioning  material,  308, 
333-339 

Conduct,  and  religion,  5 
Conduits,  256 
Conglomerate,  41,  488 
Congress  of  Industrial 

Organizations,  228 
Conservation,  232,  493 
Construction,  9,  20 
Construction  costs,  and  plant 
location,  451 
Consultant,  63 
Consumer  needs,  46 
identifying,  48-52 
Consumer  research,  60 
Consumers,  19,  404,  437 
Consumer  surveys,  77,  79 
Containers,  407 
Continuous  assembly,  397,  398 


Continuous  production,  155,  475 
controlling,  158 
Contract,  freedom  of,  226 
Contract  growing  (forming),  234 
Control — 

as  computer  function,  196 
power  for,  94 
in  processing,  466-471 
production,  154-‘*61 
Controlling,  23,  32,  435 
Conversion  coating,  381 
Converted  printed  products,  416 
Converting,  materials,  266 
Cooperative  training,  218 
Copper  ore,  276 
Core,  for  casting,  322 
Corn  flakes,  manufacture  of, 
252-253 

Corporation,  40 
forming,  429-432 
liquidating,  484-489 
manufacturing,  423-428 
t.nd  people,  433-438 
Correspondence,  112,  448 
Corrosion,  299,  378 
Corrosion  resistance,  311 
Corrugated  cardboard,  407 
Cost  estimates,  68 
Cost  estimator,  462 
Costs — 

estimating,  140-145,  444 
study  of  power,  96 
of  time,  136 
Cotton,  283 

processing,  285 
Crafts,  4 

Craft  unions,  227 
Crating,  404 
Credit,  444 
Creditors,  485 
Crude  oil,  290 
Crude  rubber,  505 
Curing,  334 

Customers,  and  plant  site,  169 
Custom-fit  assembly,  398 
Custom  production,  156 
Cutting,  265,  474 
Cutting  torch,  343,  354 


Dairy  farming,  234 
Data — 

economic,  440 
working  with,  207 
Data  processing,  131,  190-194 
Debts,  425 
Decoration,  377 
Deep  drawing,  330 
Deformation,  278 
types,  326 


Deforming,  309 
Demand,  consumer,  48-52 
Demotion,  213 
Describing,  in  research,  16 
Design — 

of  power  elements,  93-97 
of  printing,  419 
refining,  77-82 
sequence  of  product,  83-87 
and  standard  stock,  279 
Designer — 

chooses  materials,  31 
and  surveys,  81 
Designing,  60,  62,  66,  67,  72 
plant,  169-174 
product,  456-460 
Destructive  testing,  167,  470 
Detail  drawings,  98 
Development,  54,  57 
Diagnosis,  for  repair,  413 
Die-casting,  323 
Dielectric  fluid,  354 
Dies,  313,  327 
for  forging,  315 
and  tooling  up,  146 
Dimensioning,  99 
Dipping,  380 

rubber  products,  505 
Directors — 
board  of,  42 
corporate,  430 
Direct  sale,  482 
Discrimination,  211,  216 
Dispatching,  158 
Dissolution,  of  corporation,  484 
Dissolving,  373 
Distillation,  298 
Distilling,  267,  292 
Distribution,  202 

arranging  for,  478-483 
market,  51 

preparing  for,  402-411 
of  printed  product,  420 
Distributors,  404 
Dividends,  42,  430,  443 
Down  time,  183 
Draftsmen,  91 
Drawing — 

as  forming  process,  330 
as  process,  316 
Drawings — 
design,  457 
function  of,  89 
making  working,  98-102 
plant  layout,  172 
sequence  of  making,  100, 101 
Drilling,  240,  241,  462,  474,  497 
DrilU,  350 
Drop  forging,  328 
Ductility,  311,  333 
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Dummy  paste-up,  110 
Durable  goods, 21,  204 
Durable  products,  412 

Earth,  source  of  materials,  239 
Ecology,  180 

Economic  growth,  l» 

Economic  system,  6,  i», 

Editors,  91,  110 
Education,  6 
in  future,  492 
Efficiency,  490 

corporate,  486  , . 

Electrical  discharge  machining, 
354 

Electrical  energy,  244 
Electric  welding,  384 
Electrochemical  separating, 

343,  355 

Electrolysis,  277,  298  . 

Electronic  telephone  switching, 
514 

Electroplating,  367,  381 
Electrostatic  spraying,  38U 

Elements,  276  ,, Hiring 

Employment,  m manufacturing, 
202-208 


Extraction — 
of  oil,  291 

of  raw  materials,  2do 
to  secure  goods,  6 
Extruding,  278,  329 


Enamel,  379  _ 

End-process  inspection,  Ibd 
Energy,  20,  35 
controlling,  358 
controlling  and  using,  244-2 
for  forging,  328 
impact,  316 

Engineering— 
of  plant, 

product,  88,  92,  466-460 
tooling-up,  148 

Engineering  occupations,  ^ui 

Engineers—  ^ ago 

production  planning,  4b^ 

types,  91 

Engines,  13 

Engraving,  418 

Entity,  corporate  424 

Environinent,  ^oo, 

Equipment— 

supplying,  1«2-1»» 
technical  requirements,  l»d 

Erosion,  353 

Estimating  cost,  140-14& 
Etching,  343,  355 

Exploded-view  drawings,  109 
Explosive  forming,  33 


Fabricated  products,  164 
Fabrics,  rubber  coated,  50 
Factory  system,  13 

310,  365,  3®,  389,  396 
patiguB  allow&nc6|  142 
Feasibility,  84 
Feedback,  131 
Fermentation,  298 
Fibers,  textile,  284 
Field  tests,  105 
Filament  fibers,  284 
Filing,  474 
Filtering,  265,  267 
Final  inspection,  163 
Finance,  35 

obtaining,  453 
Financing,  20 
Finishing,  463 

of  printed  product,  420 

Firing,  334 

of  ceramics,  dou 
Fishing,  236 
Fixtures,  147 
Flame  cutting,  353 
Flame  spraying,  381 
Flotation,  265  . q ,<  nn  454 

Flowchart,  124, 148,  ^,  464 

Flowcharting,  of  computer,  198 
Flow  control,  156,  158 
Fluidizing,  372 
Fluxes,  384 
Foam  rubber,  507 
Foil,  steel,  279 
Food  processing,  233 
Forecast,  of  sales,  439-442 
Foremen,  206 
Forging,  315,  316,  328 
Form,  306 

checking,  164 
of  standard  stock,  2/2 

Forming,  9,  10,  308,  462 

by  compressing  or  stretching, 

to  makf  components,  306-312 

materials,  256,  313-317 
and  shearing,  341 
Foundations,  in  research,  5b 
Foundry  industry,  323 
Freedom  of  contract,  22b 
Free  enterprise  system,  18 
Friction,  94,  390, 

Fringe  benefits,  212,  223 


Fuels,  238 

energy  from,  246 
fossil,  244 

Function,  checking  product  for, 
165 

Fusing,  of  coatings,  380 
Fusion,  364 

Fusion  bonding,  368,  383 
Future,  of  manufacturing,  490-49& 


Gages,  special,  147 
Galvanizing,  367 
Gases,  mixing,  374,  3/o 
Geologist,  239,  291 
Glass- 

casting,  325 
converting,  266 
cutting,  343 
separating,  357 
Glaze,  368 
Glue,  387 
Goals,  29 
Goods,  6 

types  of,  21 
Government,  5 

and  plant  site,  171,  452 
in  research,  55 
Grain,  splitting 
Grain  structure,  metals,  334 
Gravure  printing,  418 
Greeks,  11  „ 

Grievance  procedure,  222,  2^» 

Grinding,  350,  462,  498 
Gross  national  product,  19 
Gross  profit,  445 


Handling  time,  136 
Hard  goods,  204 
Hard  mock-up,  69,  i* 
Hardness,  by  conditioning,  333 
Harvesting,  233 
Hazards,  176 
Heat  conditioning,  3lb 
Heat  energy,  244 
Heat-treating,  334,  3bb 

Hiring  practices,  210 
Hobbing,  498 

Holding  company,  40 

Holding  power,  391 
Holes,  making,  474 
Honing,  350,  498 
Horizontal 

Hose,  making  rubber.  506 
Hot-forming,  327,  336 

Human  engineering,  105 

Human  resources,  36 
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Husking,  265 
Hypotheses,  67 


Identification,  by  coating,  378 
Illustrating,  107-115 
Illustrators,  91 
Image  preparation,  420 
Impact,  energy  of,  315 
Impact  extruding,  329 
Incentive  pay,  136 
Income  statement,  447 
Incorporate,  430 
Induced-fracture  separating, 

343,  356 

Induction,  employee,  217 
Induction  practices,  211 
Industrial  arts,  6 
Industrial  design,  62 
Industrial  engineering,  116 
Industrial  health,  180 
Industrial  materials,  262-271 
Industrial  revolution,  13 
Industrial  safety,  176 
Industrial  technology,  3 
Industrial  unions,  228 
Industry,  in  research,  55 
Information,  by  coating,  378 
Information  processing,  190-194 
Injection  melding,  323 
Ink,  367 

Inorganic  chemicals,  296 
Inorganic  coatings,  379 
In-process  inspection,  163 
Inputs,  20 

to  computer,  195 
manufacturing,  34-38,  451 
Inspecting,  4 13 
Inspection — 
as  control,  162 
materials,  469 
Installation,  of  product,  412 
Installing,  258 
Institutions,  of  society,  5 
Instruction  manuals,  107 
Instructions,  operating,  90 
Intaglio  printing,  418 
Interchangeable  assembly,  398 
Interchangeable  parts,  165,  500 
Interest,  443 
Interference  fit,  392 
Interlocking  directorates,  40 
Intermittent  production,  166,  476 
Interview,  216 
Inventory,  159 
of  materials,  187 
Inventory  control,  468,  471 
Inventory  records,  447 
Investment  casting,  322 
Involuntary  dissolution,  485 


Iron,  refining,  277 
Iron  ore,  276 


Jigs,  146 

Jobbing  production,  156 
Job  descriptions,  464 
Jobs — 

in  computer  uses,  200 
method  of,  136 
posting,  215 
Joints,  movable,  391 
Joint-stock  company,  423 


Key  punch,  192 
Knife,  349 
Knowledge,  20,  37 
and  plant  site,  171 


Labeling,  of  product,  404 
Labor — 

and  plant  site,  170 
division  of,  4 
specialization,  14,  490 
Labor  costs,  142,  445 
Labor  force,  36,  203 
Labor-management  safety 
committees,  178 
Labor  unions,  11,  212,  222, 

226,  231 
history,  227 
Lacing,  9,  391 
Lacquer,  379 
Laminating,  387 

Lamp,  design  considerations,  456 
Language,  1 
Lapping,  350,  498 
Lawr,  248 

and  telephone,  514 
Laser  beam,  354 
Latex,  504 
Lathe,  349,  497 
Laws — 

failure  to  meet,  485 
on  pricing,  482 
Laying  out,  473 
Lay  offs,  224 
Layout,  plant,  469 
Liability,  corporate,  425 
Life,  corporate,  425 
Line  of  shear,  345 
Liquidating,  corporation,  484-489 
Liquids— 
mixing,  372 
mixing  with  gas,  375 
mixing  with  solid,  373 
Lithography,  417 
Livestock  products,  234 


Living  conditions,  487 
Load  control,  159 
Location,  of  plant,  450-453 
Logic,  as  computer  function,  196 
Lumber,  as  standard  stock,  272 


Machinery,  13 
Machines — 
complex,  492 
do  work,  498 
multi-purpose,  126 
working  with,  207 
Machine  time,  135 
Machine  tool  industry,  499 
Machine  tools,  496-502 
Machining,  after  casting,  314 
Magazines,  416 
Magnesium,  276 
Magnetic  tape,  as  computer 
input,  196 
Ma^etizing,  337 
Maintaining,  258 
Maintenance,  of  product,  412 
Make  or  buy,  450 
Make  or  buy  decision,  122 
Man — 

and  automation,  500 
and  technology,  1-8 
Managed  production  system,  258 
Management,  254 

product  approval,  83-87 
Management  practices,  20 
Management  technology,  23,  27, 
33,  46 

Managerial  occupations,  206 
Managers,  486 

corporate,  426,  433 
of  production,  476 
training,  218 
Manuals,  preparing,  91 
Manufacture,  of  telephones,  513 
Manufacturing,  9,  21 
by  corporation,  423-428 
evolution,  9-17 
in  future,  490-496 
inputs  to,  34-38 
occupations,  202-208 
primitive,  9 

uses  of  computer  in,  200 
Manufacturing  engineers,  62, 

116,  462 

Manufacturing  processes, 
planning,  122,  128 
Manufacturing  production, 
252-263 

Manufacturing  system,  19 
Manufacturing  technologies, 
relationships,  259 
Manufacturing  technology,  23-26 


Index 


521 


P. 


r, 

i- 


I, 

». 

r 

t,-. 

f. 

H-. 


I'"' 

¥: 

i: 


Market — 
data  on,  50 
nature  and  size,  49 
Marketing,  77 
Marketing  plan,  50 
Market  research,  481 
records  of,  448 
Market  survey,  46,  439 
Markup,  445 

Mass  production,  14, 155, 165 
Material  cost,  445 
Material  handling,  256 
for  assembly,  397 
automatic,  133 
Materials — 
bill  of,  157 
chemicals  as  raw,  297 
converting  raw,  262*271 
cost  of,  141 
forming,  313*317 
for  paclrage,  479 
petroleum,  290*295 
and  plant  site,  169 
preparing,  254 
processing  of,  404 
as  products,  254 
properties  of,  311 
raw  to  industrial,  264*271 
raw  metal,  275 
securing  raw,  232*237,  238, 
243 

separating,  340-343 
to  standard  stock,  272-274 
supplying,  182-189 
textiles  as,  282*289 
types  of,  184 

Mechanical  deforming,  336 
Mechanical  energy,  244 
Mechanical  engineers,  91 
Mechanical  fasteners,  310 
Mechanical  fastening,  365,  369, 
389,  395 

Mechanization,  131,  472 
Media,  480 
Medication,  230 
Medical  care,  future,  493 
Meetings,  in  product  design, 
83-87 

Memory,  as  computer  function, 
196 

Mercantile  Period,  12 
Merchants,  11 
Merger,  40,  488 
Methods,  job,  136 
Methods  engineer,  117,  462 
Method  study,  129 
Metallic  coatings,  379 
Metals,  238 

primary,  275-281 
as  standard  stock,  272 


Metering,  374 
Microwaves,  511 
Middle  Ages,  11 
Migrant  workers,  233 
MUk,  234 
Milling,  498 
Milling  machine,  350 
Mineral  resources,  238 
Miniaturization,  355 
Mining,  239,  276 
Mixing,  364,  367,  370,  376 
coatings,  379 
Mock-up,  68,  457 
making,  73-76 
uses,  75 

Model  maker,  76 
ModeU,  457 
design,  65 
making,  73-76 
in  plant  layout,  173 
working,  74 

Molding,  308,  313,  318,  325 
rubier  pr^ucts,  505 
Molecule,  290 
Monitoring,  158 

in  quality  control,  162 
Monopoly,  43 
Mulling,  372 
Multiple-point  tools,  349 


Nails,  389 

National  Labor  Relations  Act, 
221 

Natural  gas,  290 
Natural  resources,  34,  494 
Nature,  energy  from,  244 
Negotiated  purchase,  187 
Negotiations,  230 
Net  profit,  445 
Network,  telephone,  510 
Newspapers,  416 
Nondurable  goods,  21,  204 
Nondurable  products,  412 
Nonmetallic  minerals,  238 
Normalizing,  335 
Notes,  454 

on  drawings,  99 
Nuclear  energy,  244 
Nuclear  fission,  247,  248 
Numerical  control,  132,  491 


Objectives,  29 
Ol^lescence,  172 
Occupations,  in  manufacturing, 
202-208 
Ocean- 

exploring,  493 
source  of  materials,  239 
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Offset  lithography,  417 
Oils,  290 
Oil  well,  242 
One-shot  casting,  320 
On-the-job  training,  217 
Operating  profit,  446 
Order  control,  166,  467 
Order  production,  155 
Ordnance,  204 
Ores — 

converting,  266 

metal,  276 

Organic  chemicals,  296 
Organic  coatings,  367, 379 
Organization,  of  companies,  39-47 
Organizing,  23,  30,  434 
Out-of-round,  469 
Output,  20 

of  computer,  196, 197 
Overburden,  240 
Over-engineering,  94 
Overhead,  143 
Overhead  cost,  445 
Overload,  94 
Ownership,  6,  39,  47 
Oxidation,  298 
Oxides,  384 

metal,  277 

Oxyacetylene  welding,  384 


Packages,  407,  468 
function  of,  478 
of  standard  stock,  273 
Packaging,  404,  406 
of  product,  478-483 
Packing  plant,  236 
Paint,  367,  379 
Painting,  377 
Pallets,  406 
Panel  discussion,  80 
Paper,  as  standard  stock,  272 
Paper  tape,  as  computer  input, 
196 

Partnership,  40,  423 
Parts — 

interchangeable,  165 
standard,  274 
Parts  drawings,  98 
Parts  production,  90 
Paste,  387 
Paste-up,  68,  73 
Patterns,  146 
Peeling,  265 
Pensions,  224 
People — 

in  automation,  130 
and  corporation,  433-438 
Working  with,  207 
Performance  test,  470 


522  The  World  of  Manufacturing 


Permanent'imold  casting,  322 
Personal  selling,  481 
Personnel,  452 
Personnel  manager,  206 
Personnel  practices,  20,  436 
Personnel  records,  448 
Personnel  technology,  25,  209-214 
Petrochemicals,  291 
Petroleum — 
converting,  266 
industry,  290*296 

Physical  conditioning,  316,  337 
Pickling,  355 
Picture  phone,  515 
Pilot  plant,  105 
Pipe,  casting,  323 

Plane,  349 
Planing,  498 
Planning,  23,  28,  434 
is  continuous,  127 
design  as,  64 
production,  114-121,  461 

Planographic  printing,  417 
Plant — 

designing,  169-174 
planning  a,  171 

Plant  location,  450-453 
Plants,  as  materials  source,  232 
Plastic,  as  material  condition, 

314,  326 
Plastics,  299 
Plating,  377,  381 
metals,  278 
Plow,  4 

Pneumatic  agitation,  373 
Pollution,  180,  490,  494 
Polymerization,  293,  298 
Porcelain  enamel,  368 
Port-a-punch  card,  192 
Position,  checking,  165 
Postprocessing,  24,  412-415 
Postprocessing  materials,  268 
Pottery,  10 
Poultry,  raising,  236 
Powder  molding,  330 
Power,  13,  20,  35 

control  and  use,  244-253 
and  plant  site,  170,  451 

Power  elements,  designing,  93-97 
Power  train,  94 
Power  unit,  selecting,  95 
Precision,  500 
Preferred  stock,  42,  453 
Preprocessing,  24 
Preprocessing  materials,  255 
Press,  for  shearing,  346 
Press  forging,  328 
Pressure,  to  shape,  315 


Prices— 

estimating,  444 
fluctuating,  187 
setting,  44 
Pricing,  482 

Printed  products,  416-422 
Printer,  as  computer  output,  197 
Printing — 

invention  of,  13 
steps  in,  419 
Prints,  of  drawings,  101 
Process,  20 
defined,  122 
Process  chart,  126 
Process  chemicals,  296 
Process  engineer,  117 
Process  engineering — 
of  metals,  280 
petroleum,  293 
textiles,  287 
Precedes— 

comparing  manufacturing,  119 
planning  manufacturing, 
122-128 

of  separating,  353-361 
techniques  of  planning,  124 
typ«,  462 
Processing,  24 

assembling,  396-403 
bonding,  383 

by  casting  or  molding,  318-325 
coating,  377-382 
combining  components, 

366-369 

by  compressing  and 
stretching,  326-332 
by  conditioning,  333-339 
factors  in  planning,  463 
fastening,  389-395 
by  forming,  313-317 
by  mixing,  370-376 
planning,  461-465 
primary  metal,  276 
by  separating,  340-343 
Processing  materials,  256 
Process  products,  164 
Procurement,  185 
Product  design,  64 

and  standard  stock,  279 
Product  designers,  62 
Product  engineering,  88-92 
personnel,  91 
Product  engineers,  62 
Product  planning,  83-87 
Production — 

of  chemicals,  299 
factors  in  planning,  463 
of  package,  479 
planning,  114-121,  458,  461, 
465 


stages  of,  254,  260 
tooling-up  for,  146-153 
Production  control,  152-161, 
466,  471 

Production  control  s^'stem,  469 
Production  line,  466 
Production  ocrcupations,  205 
Production  personnel,  435 
Production  practices,  20 
Production  records,  447 
Production  schedule,  475 
Production  technology,  24,  252, 
258,  263 

Productivity,  117 
Products — 

designing  and  engineering, 
456-460 
handling,  405 
instructions  for,  107 
primary  metal,  275-281 
printed,  416-422 
protecting,  404 
of  rubber,  585 
servicing,  412-415 
as  standard  stock,  274 
types  of,  164 

Profit,  18,  39,  43,  47,  143,  445, 
487 

Profit  and  Loss  Statement,  447 
Programmed  control,  131 
Programmed  machines,  184 
Programmers,  computer,  200 
Programming,  of  computer,  197 
Project  control,  159 
Promotion,  213,  223 
sales,  481 

Properties,  of  materials,  306 
Property,  6 

Proprietorship,  39,  423 
Protection,  377 
by  package,  480 
of  product,  404 
Prototype,  57,  74,  78,  457 
building,  103-106 
testing,.  105 
uses,  104 

Proxy,  voting  by,  42 
Public  relations,  437 
Public  utility,  43 
Punched  card,  190 
Punching,  331 
Purchase  records,  447 
Purchasing,  182-189 
duties  of,  185 
Pure  research,  53 


Quality,  control  of,  124 
Quality  control,  162-167,  396, 
407,  466,  468,  469,  471 
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Quarries,  240 
Quenching,  335 
Quotations,  price,  186 


Radiant  energ>%  244 
Radioactivity,  248 
Random  sample,  165,  470 
Raw  materials — 
con\*erting,  262-271 
and  plant  site,  169 
Reaming,  497 
Reason,  man’s  ability,  1 
Receiver,  486 
Receiving,  inspection,  162 
Receiving  department,  187 
Records,  keeping,  446448 
Recruiting,  215 
Recruitment,  211 
Reduction,  of  metal  oxide,  277 
Refining,  264 
oil,  292 

Refining  chemicals,  297 
Refining  metal,  276 
Relief  printing,  416 
Religion,  5 
Renaissance,  12 
Rendering,  65,  68 
Repair,  of  product,  413 
Repairing,  258 
Reporting,  158 

in  quality  control,  163 
Report  writing.  111 
Reproduction,  to  secure  goods,  6 
Requisition,  purchase,  186 
Res^rch,  53 
chemical,  298 
market,  50,  77,  439,  481 
records  of,  448 
in  telephone  industry,  512 
in  textiles,  287 

Research  and  development,  53-61 
Resistance  welding,  384 
Resources,  20 
human,  36 
natural,  34 
Respirators,  178 
Retailers,  404,  482 
Retail  store,  437 
Retail  trade,  202 
Retirement,  213 
Retirement  practices,  210,  221, 
225 

Retiring,  25 
Retrieving,  53,  56 
Reverse  plating,  381 
Right-to-work  laws,  222 
Rivets,  392 
Roasting,  267 


Rolling- 

coatings,  380 
forming  process,  329 
iron,  278 
Romans,  11 
Route  sheet,  157 
Routing  sheets,  119,  464 
Rubber  products,  503-509 
reinforced,  506 
Rust,  378 


Safety,  175-181 
careers  in,  179 
planning  for,  177 
Safety  equipment,  178 
Safety  factor,  94 
Safety  inspectors,  178 
Safety  precautions,  107 
Salary,  223 

Sales,  arranging  for,  478-483 
Sales  forecast,  439-442 
Salesmen,  437 
Sales  promotion,  481 
Salmon  fishing,  236 
Sampling,  166 
Sand  molds,  320 
Saw,  349 
Sawing,  474 

Scale,  of  plant  layout,  172 
Scale  model,  74 
Schedules,  119 

production,  464,  468 
Scheduling,  103,  158 
Schematic  drawings,  100 
Schools,  5 
Scraper,  349 
Screening,  265 
Screen  stencil  printing,  418 
Screws,  390 
Screw  threads,  390 
Seafood,  236 

Selective-fit  assembly,  398 
Semiskilled  workers,  205,  346, 
435 

Seniority,  223 
Separating,  308,  309,  462 

to  make  components,  306-312 
practices  of,  340-343 
Separating  materials,  256 
Services,  18 

Service  workers,  414,  437 

Servicing,  25,  261,  412,  415 

Settling,  265 

Setup,  126 

Sewing,  391 

Shaking,  373 

Shape — 

changing,  307 
checking,  164 


Shaping,  9,  498 

Shearing,  341,  344347,  473,  509 
Shell-mold  casting,  322 
Shock  resistance,  311 
Silk-screen  printing,  418 
Simulation,  469 
Single-point  tools,  349 
Site,  of  plant,  169 
Size,  checking,  164 
Sizing,  265 
Sketches,  67 
design,  457 
Sketching,  64 
Skids,  406 

Skill,  of  assembler,  398 

Skilled  workers,  205,  346,  435 

Slag,  277 

Slaughtering,  236 

Slip  casting,  323 

Slotter,  349 

Slotting,  474,  499 

Smelting,  10 

Social  security,  223 

Societies,  evolution  of,  10 

Society,  4 

Soft  goods,  204 

Solar  energy,  248 

Soldering,  387 

Solids— 

mixing,  370 
mixing  with  liquid,  373 
Solutions,  alternate,  69 
Sorter,  192 
Sorting,  265 
Specifications — 
bid,  186 
writing,  112 
Spike^  389 
Spinning  jenny,  13 
Spraying,  380 
Squeeze,  to  shape,  315 
Stamping,  rubber  products,  507 
Standard,  data  card,  190 
Standard  data,  138 
Standard  materials,  254 
Standard  of  living,  14 
Standard  parts,  274 
Standards — 
of  quality,  163 
for  raw  materials,  265 
and  specifications,  112 
Standard  stock,  270-274 
for  casting,  318 
components  from,  306312 
conditioning,  333 
forms  of,  307 
metal,  276 
separating,  340,  343 
shearing,  345 
Staple  fibers,  284 
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Staples,  389 
Steam  engine,  14 
Steel,  277 

Stencil  printing,  418 
Steward,  shop,  222 
Stirring,  371,  373 
Stock,  42,  413 

standard,  270*274 
voting  of,  430 
Stockholders,  41,  425 
Stock  production,  155 
Stones,  as  tools,  2 
Stopvratch,  137 
Storage,  of  product,  404 
Strapping,  391 
Strength,  333 

Stretching,  308,  309,  314, 326, 

332 

Striking,  230 

Subassemblies,  combining, 
396403 

Subassembly,  311,  363 
Subcontractor,  31 
Summarizing,  193 
SupervisoTs,  training,  218 
Supply  and  demand,  19 
Support  workers,  437 
Surface,  preparing  for  finish,  474 
Surface  finishing,  463 
Surface  mining,  240 
Surveys— 

consumer,  77-82 
make-up  of,  78 
market,  439 
Sweatshops,  221 
S)mibols,  100 

of  computer  programmer,  198 
Synthetic  materials,  299 
Synthetic  rubber,  604 
System,  quality  control,  162-168 
System  drawings,  98,  100 
Systems  analysts,  200 


Tacks,  389 
Taconite,  280 

Tape-controlled  machines,  130, 
491 

Tapping,  497 
Taxes,  426,  445 

and  plant  site,  171,  452 
Teamsters,  228 
Technical  editing,  110 
Technical  illustrating,  107*115 
Technical  writing,  107-115 
Technicians,  91 
computer,  200 
data  processing,  193 


Technology,  23 

and  corporations,  488 
and  man,  1*8 
Telephone,  story  of,  610*516 
Tempering,  335 
Templates,  172,  473 
Testing,  167 
in  research,  55 
Tests — 

for  employment,  216 
of  prototype,  lOO 
Textiles — 

converting  materials  to,  266 
as  primary  industry,  282-289 
as  standard  stock,  272 
Therblig,  138 

Thermal  conditioning,  309,  334 
Thermal  cracking,  293 
Thermal  erosion,  343,  353 
Thermoplastic  resins,  387 
Thermosetting  plastics,  387 
Things,  working  with,  207 
Thread,  391 
Threaded  fasteners,  390 
Thumbnail  sketch,  67 
Tides,  energy  from,  248 
Tiles,  separating,  357 
Time — 

and  cost,  141 
planning,  135 
Time-sharing,  computer,  614 
Time  study,  137 
Time  systems,  138 
Titanium,  280 

Tolerance,  89,  104,  310,  350,  432, 
469,  491,  497 
Tool  engineer,  117,  462 
Tooling,  68 
Tooling-up,  144*153 
Tools — 

chip  removal,  349 
machine,  496^02 
special,  147 
as  technology,  1 
working  with,  207 
Trading,  11 

Training,  25,  210,  211,  215,  217, 
220 

Transfer,  of  printed  image,  420 
Transfer  machine,  184 
Transistor,  512 
Transportation — 
of  materials,  266 
of  oil,  292 

and  plant  site,  170,  451 
Treating,  334 
Trustee,  corporate,  485 
Trusrts,  43 

in  research,  56 
Tumbling,  371 


••  ^ 
i)03 


Turning,  497 
Twine,  391 
Type,  movable,  13 
Typewriter,  as  computer  input, 
195 


Ultrasonic  vibration,  373,  385 
Underground  mining,  240,  241 
Unemployment  compensation, 

223 

Unit  cost,  126 

United  Automobile  workers,  228 
United  Mineworkers,  228 
Units  of  production,  and  cost,  141 
Unskilled  workers,  205,  435 


Vacuum  forming,  331 
Vaporization,  298,  381 
Variations,  of  parts,  166 
Varnish,  379 
Vendors,  186 
Veneer,  387 

Vertical  combination,  41 
Vestibule  schools,  217 
Vibrators,  373 
Videophone,  614^ 

Views,  of  a drawing,  99 
Viscosity,  373 
Vitreous  coating,  368 
Vitreous  enamel,  379 
Voluntary  dissolution,  484 
Vote,  right  to,  14 


Wage,  223 

Wages,  typical  scale  of,  228 
Wagner  Act,  229 
Warehouse,  406 
Warranty,  471 
uses  of  card,  79 
Washing,  265 
Waste  material,  264 
Water — 

energy  from,  246 
and  plant  site,  170 
Weapons,  3 
Weaving,  284,  287 
Welding,  368,  384 
Wetting,  267 
Wheels,  391 
Wholesale  trade,  202 
Wholesaler,  482 
Wildcat  well,  292 
Wind  energy,  245 
Wiring,  of  lamp,  476 
Work,  measuring,  135-139 
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Workers — 

and  plant  location,  452 
production,  435 
Work  flow,  124 
Working,  26 

Working  conditions,  14, 15,  210, 
212,  221, 226 


Working  drawings,  458 
making,  98*102 
Work  measurement  engineer, 
117, 462 

Workmen's  Compensation,  176, 
223 

Work  sampling,  lb8 
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Work  station,  122 
Writers,  91 
Writing,  107-115 

Yam.  284 

Youth,  in  labor  force,  203 
Zoning,  and  plant  site,  171 


